22101042830 


f 


\ 


«- 


' ■ < ' 


f 


# 


■-  •’  ■’.?^ 
: > • 


t 


. ^ ..S  -, 

’•> 

, \ .’  I 


J 


\ 


l( 


THE 

AMERICAN 

ENCYCLOPEDIA  AND  DICTIONARY 

OF 

OPHTHALMOLOGY 


EDITED  BY 

COL.  CASEY  A.  WOOD,  M.  R.  C.,  U.  S.  A..  M.  D..  C.  M..  D.  C.  L. 

Fellow  of  the  Amencan  College  of  Surgeons;  Emeritus  Professor  of  Ophthalmology,  College  of  Medicine 
Umversuy  o llmo«;  1-te  Professor  of  Ophthalmology  and  Head  of  the  Spartrnem,  North 
western  University  Medical  School;  Ex-President  of  the  American  Academy  of  Medicine 
ot  the  Amencan  Academy  of  Ophthalmology,  and  of  the  Chicago  Ophthal- 
moli^ical  Society;  Ejc-Chairman  of  the  Ophthalmic  Section  of  the 
Amwican  Medical  Association;  Editor  of  a “System  of 
Ophthalmic  Therapeutics”  and  a “System  of  Oph- 
thalmic Operations,”  etc.;  Consulting  Ophthalmic 
Surgeon  to  St.  Luke’s  Hospital;  Consulting 
Ophthalmologist  to  Cook  County 
Hospital,  Chicago,  111. 


ASSISTED  BY  A LARGE  STAFF  OF  COLLABORATORS 


FULLY  ILLUSTRATED 


Volume  XIV 

Protractor  to  Retina,  Cyst  of  the 


CHICAGO 

CLEVELAND  PRESS 

1919 


Copyright  1919 
BY  THE 

CLEVELAND  PEESS 
All  Bights  Reserved 

3031^"? 


INITIALS  USED  IN  THIS  ENCYCLOPEDIA  TO 
IDENTIFY  INDIVIDUAL  CONTRIBUTORS 


A.  A. — Adolf  Alt,  M.  D.,  M.  C.  P.  and  S.  0.,  St.  Louis,  Mo. 

Clinical  Professor  of  Ophthalmology,  Washington  University,  St.  Louis,  Mo.; 

A.uthor  of  Lectures  on  The  Human  Eye;  Treatise  on  Ophthalmology  for  the 
General  Practitioner;  Original  Contributions  Concerning  the  Glandular  Struc- 
tures Appertaining  to  the  Human  Eye  and  its  Appendages. 

A.  C.  C.  — Alfred  C.  Croftan,  Ph.  D.,  M.  D.,  Chicago,  III. 

Author  of  Clinical  Urinology  and  of  Clinical  Therapeutics.  Member  of  the 
General  Staff  of  the  Michael  Eeese  Hospital,  Chicago.  Formerly  Physician-in- 
chief  at  St.  Mary’s  Hospital;  Physician  to  St.  Elizabeth’s  Hospital;  Physician 
to  the  Chicago  Post-Graduate  Hospital;  Pathologist  to  St.  Luke’s  Hospital. 

A.  E.  D. — A.  Edward  Davis,  A.  M.,  M.  D.,  New  York  City,  N.  Y. 

Professor  of  Ophthalmology,  New  York  Post  Graduate  Medical  School  and 
Hospital;  Attending  Ophthalmic  Surgeon  Babies’  Wards,  New  York  Post 
Graduate  Hospital;  Consulting  Ophthalmologist  Manhattan  State  Hospital, 
Central  Islip;  United  Portehester  Hospital  and  Ossining  Hospital;  Member 
of  the  New  York  Academy  of  Medicine,  New  York  Ophthalmologieal,  and 
American  Ophthalmologieal  Societies;  Author  of  The  Refraction  of  the  Eye; 
Co-author  with  D.  B.  St.  John  Eoosa,  M.  D.,  Handbook  of  the  Anatomy  and 
Diseases  of  the  Eye  and  Ear;  with  Beaman  Douglass,  M.  D.,  Eye,  Ear,  Nose, 
and  Throat  Nursing. 

A.  E.  B. — Albert  Eugene  Bulson,  Jr.,  B.  S.,  M.  D.,  Fort  Wayne,  Ind. 

Professor  of  Ophthalmology,  Indiana  University  School  of  Medicine;  Chairman 
of  the  Section  on  Ophthalmology  of  the  American  Medical  Association;  Oph- 
thalmologist to  St.  Joseph’s  Hospital,  Allen  County  Orphans’  Home,  and  the 
United  States  Pension  Department;  Editor  of  the  Journal  of  the  Indiana  State 
Medical  Association,  etc. 

A.  E.  H. — Albert  E.  Halstead,  M.  D.,  Chicago,  III. 

Professor  of  Clinical  Surgery,  Northwestern  University  Medical  School;  At- 
tending Surgeon,  St.  Luke’s  and  Cook  County  Hospitals,  Chicago;  Consulting 
Surgeon,  Illinois  Charitable  Eye  and  Ear  Infirmary;  FeUow  American  Surgical 
Association. 

A.  N.  M. — Alfred  Nicholas  Murray,  M.  D.,  Chicago,  III. 

Ophthalmologist,  New  Lake  View  Hospital.  Formerly  Clinical  Assistant  in 
Ophthalmology,  and  Assistant  Secretary  of  the  Faculty,  Eush  Medical  College. 
Once  Voluntary  Assistant  in  the  Universitaets  Augenklinik,  Breslau.  Author 
of  Minor  Ophthalmic  and  Aural  Technique.  Secretary,  Physicians’  Club  of 
Chicago.  Mitglied  der  Ophthalmologischen  Gesellschaft,  Heidelberg. 

A.  S.  R. — Alexander  Sands  Rochester,  M,  D.,  Chicago,  III. 

M.  D.  Jefferson  Medical  College;  Ex-Chief,  San  Lazaro  Contagious  Hospital, 
Manila,  P.  I.;  Adjunct  Ophthalmologist  to  St.  Luke’s  Hospital,  Chicago. 

B.  C. — Burton  Chance,  M.  D.,  Philadelphia,  Pa. 

Assistant  Surgeon,  Wills  Hospital,  Philadelphia. 

C.  A.  0. — Charles  A.  Oliver  (Deceased). 

iii 


INDIVIDUAL  CONTRIBUTORS 


C.  E.  W.— Lieut.-Col.  Charles  E.  Woodruff,  M.  D.,  U.  S.  Army,  Re- 
tired. 

C F F C —Charles  F.  F,  Campbell,  Columbus,  Ohio. 

’superintendent  Ohio  State  School  for  the  Blind;  Secretary  ^o^ 

mission  for  the  Blind;  Secretary,  American  Association  of  Workers  for  the 
Blind;  Founder  and  Editor,  Outlook  for  the  BhTid. 

C.  F.  P. — Charles  F.  Prentice,  M.  E.,  New  York  City,  N.  Y. 

’ President,  New  York  State  Board  of  Examiners  in  5 

on  Theoretic  Optometry,  Columbia  University,  New  York.  Jv , 

on  Ophthalmic  Lenses  (1886);  Dioptric  Formulae  for  Combined  Cylindrical 
Lenses  (1888);  A Metric  System  of  Numbering  and  Measuring  (the 

Frism-dioptry)  (1890);  The  Iris  as  Diaphragm  and  Photostat  (1895),  and 

other  optical  papers. 

C,  H.  B. — Charles  Heady  Beard,  M.  D.  (Deceased). 


C.  P.  S. — Charles  P.  Small,  A.  M,,  M.  D.,  Chicago,  III. 

Late  Clinical  Assistant,  Department  of  Ophthalmology,  Bush  Medical  College. 
Author  of  A Probable  Metastatic  Hypernephroma  of  the  Choroid. 

C.  S. — Charles  Sheard,  A.  B.,  A.  M.,  Ph.  D., 

Director  and  Professor  of  Applied  Optics,  The  Ohio  State  University.  Author  of 
brochure.  Dynamic  Ocular  Tests;  Ocular  Accommodatio^i  (in  preparation) : also 
articles  and  researches  on  “Mathematical  Studies  in  Optics,”  ‘Some  Applica- 
tions of  Theoretical  to  Visual  Optics,”  “Dioptric  Formulae  for  Cylindrical  Lenses 
Caymbined  at  Oblique  Axes,”  together  with  various  origina,!  researches  in  physical 
and  physiologic  optics,  the  electron  theory  and  electric  oscillations. 

D.  C.  Me. — Do'Uglas  C.  McMurtrie,  New  York  City. 

Editor  American  Journal  of  Care  for  Cripples;  former  Secretary,  American 
Association  for  the  Conservation  of  Vision;  Author  of  Education  of  and  Occu- 
pations for  the  Blind  in  the  Deference  Handbook  of  the  Medical  Sciences. 

D.  H. — D’Orsay  Hecht,  M.  D.  (Deceased). 


D.  T.  V. — Derrick  T.  Vail,  M.  D.,  F.  A.  C.  S.,  Cincinnati,  Ohio. 

Emeritus  Professor  of  Ophthalmology,  College  of  Medicine,  University  of 
Cincinnati;  Consulting  Ophthalmologist,  Cincinnati  General  Hospital;  Mem- 
ber American  Ophthalmological  Society;  Ex-president  American  Academy 
of  Ophthalmology  and  Oto-Laryngology ; Foundation  Member,  Oxford  (Eng- 
land) Ophthalmological  Congress;  Member  Chicago  Ophthalmological  Soci- 
ety, American  Medical  Association,  etc.  Author  of  A Detailed  and  Illustrated 
Description  of  Smith’s  Cataract  Operation;  Detachment  of  the  Betina  and  a 
New  Theory;  Optic  NewritLs  from  Intra-Nasai  Disease;  Squirrel  Plague  Con- 
junctivitis; Newer  Principles  in  Dealing  with  Uncomplicated  Cataract,  etc. 

D.  W.  G. — Duff  Warren  Greene,  M.  A.,  M.  S.,  M.  D.  (Deceased). 

E.  C.  B. — Edward  C.  Bull,  Pasadena,  Calif. 


INDIVIDUAL  CONTRIBUTORS 


V 


E.  C.  E. — Edward  Coleman  Ellett,  B.  A.,  M.  D.,  Memphis,  Tenn. 

Professor  of  Ophthalmology,  University  of  Tennessee,  College  of  Medicine. 

E.  E.  I. — Ernest  E.  Irons,  M.  D.,  Ph,  D.,  Chicago,  III. 

Assistant  Professor  of  Medicine,  Rush  Medical  College ; Assistant  Attending 
Physician,  Presbyterian  Hospital;  Attending  Physician,  Cook  County  Hospital; 
Consulting  Physician,  Durand  Hospital  of  the  Memorial  Institute  for  Infec- 
tious Diseases,  Chicago. 

E.  H.— Emory  Hill,  A.  B.,  M.  D.,  Chicago,  III. 

Late  House  Surgeon,  Wills  Eye  Hospital,  Philadelphia:  Assistant  in  Ophthal- 
mology, Rush  Medical  College  (in  affiliation  with  the  University  of  Chicago) ; 
Assistant  Ophthalmologist  to  the  out-patient  department  of  the  Children’s 
Memorial  Hospital,  Chicago;  Assistant  Instructor  in  Ophthalmology,  Chicago 
Polyclinic.  Member  of  American  Academy  of  Ophthalmology  and  Oto- 
Laryngology. 

E.  J.— Edward  Jackson,  C.  E.,  M.  A.,  M.  D.,  Denver,  Colo. 

Professor  of  Ophthalmology  in  the  University  of  Colorado;  Former  Chairman 
of  the  Section  on  Ophthalmology  of  the  American  Medical  Association;  For- 
mer President  of  the  American  Academy  of  Ophthalmology  and  Oto-Laryngol- 
ogy;  The  American  Ophthalmological  Society,  and  The  American  Academy 
of  Medicine.  Author  of  Skiascopy  and  its  Practical  Application;  Manual  of 
Diseases  of  the  Eye. 

E.  K.  P. — Ephraim  Kirkpatrick  Findlay,  M.  D.,  C.  M.,  Chicago,  III. 

Assistant  Clinical  Professor  of  Ophthalmology,  Medical  Department,  University 
of  Illinois;  Assistant  Surgeon  of  the  Illinois  Charitable  Eye  and  Ear  Infirm- 
ary; Assistant  Oculist  at  the  University  Hospital. 

E.  S.  T.— Edgar  Steiner  Thomson,  M.  D.,  New  York  City,  N.  Y. 

Surgeon  and  Pathologist,  Manhattan  Eye,  Ear  and  Throat  Hospital;  Professor 
of  Ophthalmology,  New  York  Polyclinic  Medical  School  and  Hospital;  Con- 
sulting Ophthalmologist  to  Perth  Amboy  and  Ossining  Hospitals;  Member  of 
the  New  York  Academy  of  Medicine,  New  York  Ophthalmological,  and  Ameri- 
can Ophthalmological  Societies.  Author  of  Electric  Appliances  and  Their  Use 
in  Ophthalmic  Surgery,  in  Wood’s  System  of  Ophthalmic  Operations,  and 
various  monographs. 

F.  A. — Frank  Allport,  M.  D.,  LL.  D.,  Chicago,  III. 

Ex-Professor,  Ophthalmology  and  Otology,  Minnesota  State  University;  Ex- 
President,  Minnesota  State  Medical  Society;  Ex-Chairman  and  Secretary, 
Ophthalmic  Section,  American  Medical  Association;  Ex-Professor,  Ophthal- 
mology and  Otology,  Northwestern  University  Medical  School;  Ex-President, 
Chicago  Ophthalmological  Society.  Author  of  The  Eye  and  Its  Care;  Co- 
Author  of  An  American  Text-Book  of  Diseases  of  the  Eye,  Ear,  Nose  and 
Throat  • A System  of  Ophthalmic  Therapeutics,  and  A System  of  Ophthalmic 
Operations.  Eye  and  Ear  Surgeon  to  the  Chicago  Board  of  Education  and 
to  St.  Luke’s  Hospital,  Chicago. 

y c.  T.— Frank  C.  Todd,  D.  D.  S.,  M.  D.,  F.  A.  C.  S.  (Deceased). 

F.  E.  B. — Frank  E.  Brawley,  Ph.  G.,  M.  D.,  Chicago,  III. 

Co-Author  of  Commoner  Diseases  of  the  Eye,  A System  of  Ophthalmic  Thera- 
peutics and  A System  of  Ophthalmic  Operations;  formerly  voluntary  assist- 
ant in  the  Universitaets  Augenklinik,  Breslau,  and  the  Royal  London  Ophthal- 
mic Hospital  (Moorfields) ; Oculist  and  Aurist  to  St.  Luke’s  Hospital,  Chicago. 

p.  L. — Francis  Park  Lewis,  M.  D.,  Buffalo,  N.  Y. 

President  American  Association  for  the  Conservation  of  Vision;  President 
Board  of  Trustees  N.  Y.  State  School  for  the  Blind;  President  N.  Y.  State 


VI 


INDIVIDUAL  CONTRIBUTORS 


CommissionB  for  the  Blind  09^  Buffalo 

tion  of  Blindness,  American  ^ognital  • 6onsulting  Ophthalmologist 

Op.thaLo.og.  and  Oto- 

Laryngology. 

G.  C.  C. — See  G.  C.  S. 

rSaS««eL‘af  Ne.  r™«,  ia  C.p«M»P<aP. 

and  Ophthalmic  Myology. 

n -m  T . George  Franklin  Libby,  M.  D.,  Oph.  D.,  Denver,  olorado. 

Ea-As,iBtaat  Surgeoa  to.  the  Maine  “d  Ear  Infimary 

Observations  on  the  ‘ Orv.lar  Disease  • Eeredity  in  Delation  to  the 

Iris;  Consanguinity  in  Delation  ^°^^g£]^^^j^cquired  Symmetrical  Opacities 

BuLr  CoayanCiaa.  etc. 

p TT  P— Geo  H Price,  B.  E.,  M.  S.,  M.  D.,  Nashville,  Tenn. 

Professor  p®tment°^  M^dlf 

SSei;“'Et  SeteLy  S^Ttate  MeS  resoeSn,  Ex-Editor,  Jpu^ 
%Z,n^ SUte^ Medic Jl' Association;  M^rahex  American  Medical  Association, 
Member  Southern  Medical  Association. 

G B C H Beckles  Chandler,  C.  M.,  M.  D.,  Boston,  Mass. 

‘ Professor  Ophthalmology,  Tufts  Medical  School,  Boston;  Senior  Surgeon 
Massachusetts  Charitable  Eye  and  Ear  Infirmary. 

H B.  W. — Henry  Baldwin  Ward,  A.  B.,  A.  M.,  Ph.  D.,  Champaign, 

^^^Professor  of  Zoology,  University  of  lUinois;  Ex-Dean  of  the  College  of  Medi- 
cine University  of  Nebraska.  Author  of  Farasitic  Worms  of  Man  and  the 
Domestic  Animals;  Data  for  the  Determination 
graphia  Parasitorum  Eominis;  Human  Parasites  in  North  America. 

H.  F.  H. — Howard  F.  Hansell,  A.  M.,  M.  D.,  Philadelphia,  Pa. 

Professor  of  Ophthalmology,  Jefferson  Medical  College; 

Diseases  of  the  Eye,  Philadelphia  Polyclmie  Hospital;  Ophthalmo^gist  to 
Jefferson  Medical  College  Hospital;  Ophthalmologist  to  Philadelphia  Hospital. 

[I  G.  L.— Henry  Glover  Langworthy,  M.  D.‘  Dubuque,  Iowa. 

Sureeon  to  the  Langworthy  Eye,  Ear,  Nose  and  Throat  Infiraary,  Dubuque, 
Iowa;  Member  American  Academy  of  Ophthalmology  and  ® 

the  Chicago  Ophthalmological  Society;  of  the  American  Medical  ' 

etc.  Writer  of  numerous  monographs  on  the  special  subjects  of  eye,  ear,  nose 

and  throat. 

H,  McI.  M.— Howard  McI.  Morton,  M.  S.,  M.  D.,  Minneapolis,  Minn. 

Senior  Surgeon  to  the  Wells  Memorial  Eye  Clinic;  Ophthalmic  Surgeon  to  the 
Swedish  Hospital;  Ex-President  Minnesota  Academy  of  Ophthalmology  and 
Oto-Laryngology. 


INDIVIDUAL  CONTRIBUTORS 


vii 


fj  g Q — Harry  Searls  Cradle,  A.  B.,  M.  D.,  Chicago,  III, 

Professor  of  Ophthalmology,  Chicago  Eye  and  Ear  Cojlege;  Director  of  Oph- 
thalmic Clinic,  West  Side  Free  Dispensary;  Member  of  the  Ophthalmologische 
Gesellschaft,  American  Medical  Association,  American  Academy  of  Ophthal 
mology  and  Oto-Laryngology. 

V.  W. Harry  Vanderbilt  Wurdemann,  M.  D.,  Seattle,  Wash, 

Member  American  Medical  Association;  Ex-Chairman  Section  on  Oph- 
thalmology, American  Medical  Association;  Hon,  Member,  Sociedad  Cientifica, 
Mexico-  N.  W,  Wisconsin  Medical  Society  and  Philosophical  Society,  Feb 
low  American  Academy  of  Ophthalmology  and  Oto-Laryngology.  Author  of 
Visual  Economics  (1901);  Injuries  to  the  Eye  (1912);  Bright  s Disease  and 
the  Eye  (1912) ; and  numerous  monographs  on  the  eye  and  its  diseases,  col- 
laborator on  many  other  scientific  books. 

J.  D.  L.— Joseph  D.  Lewis,  A.  M.,  M.  D.,  Minneapolis,  Minn. 

Ophthalmic  and  Aural  Surgeon  to  the  Minneapolis  City  Hospita,! ; Consulting 
Ophthalmic  and  Aural  Surgeon  to  Hopewell  Hospital  and  Visitmg  Nurses 
Association;  Member  Minnesota  Academy  of  Ophthalmology  and  Oto-Laryn- 
gology; Fellow  American  College  of  Surgeons. 

J.  G.,  Jr. — John  Green,  Jr.,  A.  B.,  M.  D.,  St.  Louis,  Mo. 

Assistant  in  Ophthalmology,  Washington  University  Medical  School; 
mic  Surgeon  to  St.  Louis  Children’s  Hospital;  Ophthalmic  Surgeon  to  St.  Louis 
Eye  Ear,  Nose  and  Throat  Infirmary;  Consulting  Ophthalmic  Surgeon  to  St. 
Louis  Maternity  Hospital;  Consulting  Ophthalmic  Surgeon  to  St.  John  s Hos- 
pital, St.  Louis. 

J.  L.  M. — John  L,  Moffat  (Deceased). 

J.  M.  B.— James  Moores  Ball,  M.  D.,  LL.  D.,  St.  Louis,  Mo. 

Dean  and  Professor  of  Ophthalmology,  American  Medical  College  of  St.  Louis, 
Medical  Department  of  National  University  of  Arts  and  Sciences.  Author  of 
Modern  Ophthalmology ; Andreas  Vesalius  the  Eeformer  of  Anatomy. 

J — James  Raley  Cravath,  B.  S,,  Chicago,  III. 

Electrical  and  Illuminating  Engineer,  Chicago;  Vice-Premdent,  Ilhiminating 
Engineering  Society;  formerly  associate  editor  Electrical  IForZd;  joint  author 
Pr^tical  Illumination  by  Cravath  and  Lansingh ; joint  author  Light— Its  Use 
and  Misuse,  prepared  by  committee  of  the  Illuminating  Engineering  Society; 
author  of  Illumination  and  Vision;  Tests  of  the  Lighting  of  a Small  Boom,  and 
numerous  other  monographs. 

L H.— Lucien  Howe,  M.  A.,  M.  D.,  Sc.  D.,  Buffalo,  N.  Y. 

Professor  of  Ophthalmology,  University  of  Buffalo;  Member  of  the  Royal  Col- 
lege of  Surgeons  of  England;  Fellow  of  the  Royal  Society  of  Medicine;  Mem- 
ber of  the^  Ophthalmologische  Gesellschaft  and  of  the  SociitS  Frangaise 
d’Ophthalmologie.  Author  of  The  Muscles  of  the  Eye. 

L.  M, — Lloyd  Mills,  M.  D.,  Los  Angeles,  Cal. 

Late  Voluntary  Assistant  II  Eye  and  I Surgical  Services  (Abteilung  Budinger) 
Vienna  Gener^  Hospital, 

s.— Myles  Standish,  A.  M.,  M.  D.,  S.  D.,  Boston,  Mass. 

Williams  Professor  of  Ophthalmology,  Harvard  University;  Consulting  Oph- 
thalmic Surgeon,  Massachusetts  Charitable  Eye  and  Ear  Infirmary  and  Carney 
Hospital,  Boston,  Mass. 

N.  M.  B.— Nelson  M.  Black,  Ph.  G.,  M.  D.,  Milwaukee,  Wis. 

Author  of  The  Development  of  the  Fusion  Center  in  the  Treatment  of  Strabis- 
mus; Examination  of  the  Eyes  of  Transportation  Employes;  Artificial  Illumina- 
tion a Factor  in  Ocular  Discomfort,  and  other  scientific  papers. 


INDIVIDUAL  CONTRIBUTORS 


P A C— Peter  A.  Callan,  M.  D.,  New  York  Ci^,  N.  Y. 

a Vork  Eve  and  Ear  Infirmary;  Ophthalmologist  to  St.  Vin- 

cS°Hofpir.lfSuSu,  Hospital  and  St.  Joaeph's  Hoapital,  Naw  York. 


P,  G. Paul  Guilford,  M.  D.  (Deceased). 

p p p_ — Robert  D.  Pettet,  Chicago,  III. 
Author  of  The  Mechanics  of  Fitting  Glasses. 


S.  H.  McK. Samuel  Hanford  McKee,  B.  A.,  M.  D.,  Montreal,  Que. 

Lecturer  in  Pathology  and  Bacteriology,  McGill  University;  Demonstrator  in 
Ophthalmology,  McGill  University;  Assistant  Oculist  and  Aurist  to  ^e  Mont- 
real General  Hospital;  Oculist  to  the  Montreal  Maternity  Hospital;  Ocu^'st  to 
the  Alexandra  Hospital;  Member  of  The  American  AMociation  of  PatMogists 
Sid  Bacteriologists  Author  of  The  Bacteriology  of  Conjunctxvitis;  An  Anal- 
ysis of  Three  Hundred  Cases  of  Morax-Axenf eld  Conjunctivitis ; Demonstmtwn 
If  the  Spirocheta  Pallida  from  a Mucous  Patch  of  the  Conjunctiva;  The  Patho- 
logical Histology  of  Trachoma,  and  numerous  other  monographs. 

T.  A.  W. — Thomas  A.  Woodruff,  M.  D.,  C.  M.,  L.  R.  C.  P. 

Ex-President  of  Chicago  Ophthalmological  Soci^y ; Vice-President  ^ the 
Illinois  Society  for  the  Prevention  of  Blindness;  Fellow  of  A.  M.  A.;  Fellow 
American  Academy  of  Medicine;  Fellow  of  American  Academy  of  Ophthal- 
mology; Fellow  American  College  of  Surgeons;  Feljow  of  the  Institute  of 
Medicine  of  Chicago;  Member  of  Chicago  Society  of  Medical  History;  Chi- 
cago Medical  Society;  Author  with  Casey  A.  Wood  of  Commoner  Diseases  of 
the  Eye;  Formerly  Ophthalmic  Surgeon  to  St.  Luke’s  Hospital. 


T.  H.  S. — Thomas  Hall  Shastid,  A.  B.,  A.  M.,  M.  D.,  LL.  B.,  F.  A.  C.  S., 
Superior,  Wis.  • _ 

Honorary  Professor  of  the  History  of  Medicine  in  the  American  Medical  College, 
St.  Louis,  Mo.;  Author  of  A Country  Doctor;  Practising  in  Pike;  Forensic  Be- 
lations  of  Ophthalmic  Surgery  (In  Wood’s  System  of  Ophthalmic  Operation^) ; 
Legal  ItelatioTis  of  OphihalTtiology  (in  Ball’s  Modern  Ophthalmology) ^ A His- 
tory  of  Medical  Jurisprudence  in  America  (in  Kelly’s  CyclopedAa  of  Ameri- 
can Medical  Biography). 


W.  C.  P.— Wm.  Campbell  Posey,  B.  A.,  M.  D.,  Philadelphia,  Pa. 

Professor  of  Ophthalmology  in  the  Philadelphia  Polyclinic  Hospital  and 
Graduate  Medical  School;  Ophthalmic  Surgeon  to  the  Wills,  Howard  and 
Children’s  Hospitals;  Chairman  of  the  Pennsylvania  Commission  for  the 
Conservation  of  Vision;  Chairman  of  Section  on  Ophthalmology,  College  of 
Physicians,  Philadelphia.  Editor  of  American  Edition  of  Nettleship’s  Text- 
book of  Ophthalmology;  Co-Editor,  with  Jonathan  Wright,  of  System  of  Dis- 
eases of  the  Eye,  Ear,  Nose  and  Throat;  Co-Editor,  with  Wm.  G.  Spiller,  of 
The  Eye  and  the  Nervous  System. 


W.  P.  C. — W.  Franklin  Coleman  (Deceased). 


W.  F.  H. — William  Frederic  Hardy,  M.  D.,  St.  Louis,  Mo. 

Assistant  in  Ophthalmology,  Washington  University  Medical  School. 

W.  T.  S. — ^V%.LiAM  T.  Shoemaker,  M.  D.,  PhiladeijPhia,  Pa. 

Clinical  Professor  of  Ophthalmology,  Women’s  Medical  College  of  Pennsylva- 
nia; Ophthalmic  Surgeon  to  the  Lankenau,  Germantowm,  and  Penn^lvania 
Hospitals;  Consulting  Ophthalmologist  to  the  Pennsylvania  Institution  for 
Deaf  and  Dumb,  Mt.  Airy;  Southern  Home  for  Destitute  Children,  and  Home 
for  Training  in  Speech  of  Deaf  Children,  Bala,  Pennsylvania.  Chairman  of 
Section  on  Ophthalmology,  College  of  Physicians,  Philadelphia,  1917-18-19. 


PROTRACTOR 


10409 


Protractor.  A lens  and  prism  centering  device.  This  instrument  is 
usually  stamped  with  the  different  meridians  on  metal  blanks  of  cor- 
rect dimensions  for  cutting  lenses  to  various  sizes.  In  use  the  pro- 
tractor is  placed  on  a cylinder  lens  which  has  been  previously  dotted, 
so  that  the  meridian  called  for  in  the  prescription  will  coincide  with 
the  dots  indicated  on  the  axis  of  the  cylinder,  and  then  c^^Img  around 
the  pattern  with  a hand  diamond.  See  the  illustration  on  p.  4963,  Vol. 

VII  also  p.  7212,  Vol.  X,  of  this  Encyclopedia. 

\ E Ewing  (Annals  of  OpJithalm.,  p.  593,  July,  1913)  describes  a 

protractor  for  use  with  the  single  cell  trial  frame,  which  consists  of 
two  circles  made  up  of  short,  radiating  lines  of  different  lengths  to 
represent  the  one,  five  and  ten  divisions  of  the  circle.  The  proximal 
ends  of  the  five  and  ten  degree  divisions  rest  on  an  imaginary  circle 
which  is  the  size  of  the  outer  edge  of  the  38  mm.  ring  of  the  trial  lens, 
while  the  distal  ends  of  the  degree  divisions  rest  on  the  inner  edge 


Calm’s  Protractor. 

of  the  mounting.  For  further  accuracy  in  centering  the  mounting 
across  vertical  and  horizontal  lines,  each  10  mm.  long,  is  placed  at  t 
center  of  each  of  the  circles.  The  circles  are  placed  21  mm.  apart  with 
their  horizontal  meridians  in  the  same  line,  and  at  their  np^r  margin 
a horizontal  dotted  line  is  drawn  tangential  to  both  circles.  The  circles 
are  designated  by  “R”  for  right  and  “L”  for  left,  the  latter  corre- 
sponding to  the  left  eye  and  the  former  to  the  right  eye,  as  the  lenses 

are  worn  by  the  patients. 

To  employ  the  diagram  with  the  single-cell  trial  frame,  it  is  only 
necessary  to  place  the  cylinder  of  the  right  eye  over  the  right  circle, 
with  the  edge  of  the  trial  lens  of  the  left  eye  against  the  tangent  of 
the  left  circle,  and  note  the  position  of  the  usual  short  marginal  guic  e 
line  which  indicates  the  axis  of  the  lens,  in  degrees  on  the  circle 
For’ the  left  eye  the  lens  is  placed  over  the  left  circle  with  the  edge  of 
the  right  lens  against  the  tangent  of  the  right  circle,  and  the  posi- 
tion of  the  left  lens  is  similarly  noted  in  degi-ees.  This  diagram  is 
printed  on  the  prescription  blank  for  the  glasses  in  order  to  have  it 
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always  at  hand  and  ready  for  use.  It  has  proved  to  be  a rapid,  correct 
and  satisfactory  method  for  noting  the  axis  of  the  cylinder  when  writ- 
ing the  record  of  the  case,  and  for  indicating  it  with  a pen  or  pencil 
mark  on  a diagram  for  the  use  of  the  optician,  as  it  plots  the  axis  of 
the  cylinder  or  the  prism  precisely  as  it  is  to  be  worn  by  the  patient. 

The  conventional  angular  notation  generally  adopted  in  the  gradua- 
tion of  circles,  as  used  by  Bonders,  and  still  in  common  use  by  prob- 
ably the  majority  of  ophthalmologists  and  opticians,  has  been  retained. 
As  only  the  180  degrees  are  necessary  for  establishing  the  axis,  the 
numbers  are  duplicated  in  the  lower  half  of  the  circle  in  order  to 
facilitate  the  reading. 

A patented  device  (see  cut)  is  Cahii  s proti  actoi , made  of  metal 
and  set  at  an  angle,  so  that  the  bottom  is  flush  with  the  table  and  the 
top  or  back  is  raised  so  that  a view  of  all  the  matter  may  be  had  with- 
out unnecessary  stooping. 

The  center  has  an  improved  protractor  for  determining  the  axis  of 
a lens.  The  lower  edge  has  a millimeter  scale,  directly  above  which 
is  the  frame  measure.  There  is  a scale  for  deceiitration  or  prisms 
and  another  to  determine  the  deceiitration  of  segments  on  bifocals. 
This  feature  is  valuable  for  fused  bifocal  work. 

At  the  top  is  a scale  with  two  cut-outs,  which  enables  one  to  find 
the  amount  of  inclination  of  bridge  forward  and  back  at  a glance. 
At  each  side  of  the  protractor  are  given  the  standard  sizes  of  rimless 
and  bevel-edge  lenses,  both  regular  and  short  oval. 

Protractor  lentis.  A peculiar  intraocular  muscle  found  especially  in 
certain  Amphibia,  whose  function  it  is  to  aid  the  accommodative 
elforts  by  pushing  forward  and  withdrawing  the  lens. 

Protrusio  bulbi.  See  Exophthalmus. 

Protrusio  enorbitalis.  (L.)  Protrusion,  of  the  contents  of  the  orbit 
as  w^ell  as  of  the  eyeball. 

Protrusio  exorbitalis.  Protrusio  oculi.  (L.)  Exophthalmus. 

Protrusio  oculi.  (L.)  Exophthalmus. 

Protuberantia  scleralis.  (L.)  A circumscribed  backw^ard  protrusion 
of  the  sclera  below  the  optic  nerve  entrance. 

Proving.  Tn  homeopathy,  a systematic  testing  and  study  of  the  path- 
ogenic effects  of  a drug  upon  the  human  body  supplemented  w^hen 
feasible  by  studying  the  tissue  effects  of  larger,  lethal,  doses  upon 
animals. 

Tliere  should  be  a number  of  provers,  male  and  female — ignorant 
of  w'hat  drug  they  are  proving  and  the  dose — each  provided  with  a 
note  book  and  each  examined  periodically  by  specialists  w'^hose  rec- 
ords go  to  form  part  of  the  proving.  , Each  prover  reports  frequently 
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to  a director  who,  by  critical  quizzing,  elucidates  the  symptoms.  All 
these  records  are  later  collated  by  the  director-general  who  puts 
the  proving  into  shape  for  publication.  A preliminary  week  is  de- 
voted to  recording  symptoms  and  to  examinations.  Each  prover 
is  then  furnished  with  a preparation  “A”  (preferably  a placebo) 
and  directions  how  to  take  it.  Other  bottles,  “A,”  “B,”  etc.,  are 
furnished  from  time  to  time  as  judged  best.  It  is  best  to  begin  with 
the  smallest  dose,  the  highest  attenuation,  and  increase  till  the  prover 
is  taking  as  large  a dose  as  is  safe.  Symptoms  should  be  noted  for 
about  three  weeks  after  discontinuing,  if  they  persist.  Sometimes  a 
proving  is  begun  with  a massive  dose  and  its  effects  watched ; if  there 
be  no  subjective  nor  objective  symptoms  the  dose  is  increased  until 
it  does  produce  some  disturbance  of  health,  which  is  then  studied  in 
its  primary  and  secondary  aspects.  See  Homeopathy  in  ophthal- 
mology.— (J.  L.  M.) 

Provoked  conjunctivitis.  Artificial  conjunctivitis.  Induced  con- 
junctivitis. Factitious  conjunctivitis.  This  condition  is  known 
by  several  other  synonyms.  See,  e.  g.,  Conjunctivitis  artificialis,  p. 
3094,  Vol.  IV;  Artefacta  ophthalmia,  p.  609,  Yol.  I;  under  Legal 
relations  of  ophthalmology  and  various  other  sections  of  this  Ency- 
clopedia. 

During  the  present  war,  for  example,  among  the  Moroccan  troops  of 
the  French  army,  soldiers  are  frequently  referred  to  the  ophthal- 
mologist with  a diagnosis  of  “provoked”  conjunctivitis.  Aubineau 
(Oplithal.  Year-Book,  p.  410,  1916),  however,  states  that  in  general  it 
has  not  been  possible  to  confirm  the  statement  that  these  cases  of  con- 
junctivitis were  “provoked.”  But  in  large  measure  they  were  due  to 
inoculation  of  the  conjunctiva  by  dirty  fingers,  or  to  exacerbation  of 
old  conditions,  such  as  trachoma.  One  form  of  induced  conjunctivitis 
has  been  rather  frequent  since  the  war,  namely  that  due  to  the  intro- 
duction into  the  eye  of  powered  ipecac.  This  conjunctivitis  is  char- 
acterized by  the  absence  of  secretion,  an  eczematous  appearance  of  the 
lid  margin,  a lardaceous  appearance  of  the  conjunctiva  of  the  lower 
lid.  Sometimes  the  remains  of  the  powdered  ipecac  are  found  in  the 
lid,  and  the  localization  of  the  lesions  solely  in  the  conjunctiva  of  this 
cul-de-sac. 

A very  good  account  of  provoked  conjunctivitis  is  given  by  van 
Schevensteen  {La  CUniqve  Ophtal,  Oct.,  1916),  translation  in  Am. 
Jour,  of  Oph.,  p.  112,  Apr.,  1917). 

Two  types  very  sliarply  se])ai'ated  by  their  aiiatomicjil  cluiracters 
have  been  observed.  These  are: 

1.  The  forms  in  which  powdered  ipecac  was  the  provoking  agent. 
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2.  The  forms  in  which  the  provoking  agent  conld  not  be  identified 

"'‘neTowder  ot  the  root  of  ipecac  coutains  as  chemical  elements  some 

alkaloids  amou-  which  there  is  emetin.  Its  physiological  eftects,  which 
alkaloids,  irritation  of  the  naked  skin  and  the 

mucmis  membranes;  this  action  is  particularly  due  to 
exerts  a local  irritating  action  on  the  mucous  membranes 
tcguments,  espeeially  when  the  latter  present  a certain  acidity, 

there  it  causes  psendovariola  pustules.  results 

When  powdered  ipecac  is  put  into  the  coujunc  iv  , ■ 

wUMn  a few  hours  a considerable  infection  of  the  mucous  membrane 

and  a great  swelling  of  the  subconjunctival  tissue  (chcmosis)  , 
ana  a gi  violent,  irritative  and  painful 

minimal  secretion  of  mucus,  inese vim  , na.  on 

nheiiomena  are  usually  accompanied  by  a swelling  of  the  Ms  so 
considerable  that  the  eyes  cannot  be  opened.  A single  application 
suffices  to  produce  these  results.  These  symptoms  are  ^ 

acute  in  the  lower  fornix,  and  as  this  place  is  the  easiest  reached,  con- 
tact of  the  chemical  agent  is  there  the  most  direct  and  its  action  the 

'“rcTsTS'^ihe  highest  irritation  was  noted  in  the  upper  fornix;  the 
patient  had  simply  turned  the  upper  lid  to  make  an  application. 

At  the  time  of  examining  the  fresh  lesions  the  conjunctiva  ol  the 
lower  fornix  is  swollen,  raised  in  great  folds,  although  the  surface  is 
smooth,  but  at  times  it  is  covered  by  a pseudo-membrane;  the  eoloi 
varying  from  scarlet-red  to  a livid  or  purplish-red.  ... 

ifter  a few  hours,  especially  if  no  further  application  has  been 
made,  the  violent  reaction  recedes.  The  condition  of  the 
fornix  presents  such  a peculiar  aspect  that  it  is,  so  to  speak,  c ai- 
acteristic  of  this  affection : the  subconjunctival  tissue  is  swollen,  edema- 
tous, the  folds  of  the  conjiinctiva  are  still  deep,  the  vascular  engorge- 
ments are  covered  by  exudates;  the  color  of  the  mneons  membrane  is 
especially  noticeable,  it  assumes  a yellowish-salmon  color  which  per- 
sists for  a long  time. 

The  farther  from  the  beginning  of  the  “accident  the  more  t ic 
conjunctiva  is  smoothed  out ; its  folds  disappear,  however,  faster  than 
the  characteristic  salmon  color. 

This  whole  evolution  takes  about  three  weeks.  After  that  the  eye 
returns  to  its  normal  state,  if  the  application  has  not  been  repeatec. 

2.  When  the  application  is  made  repeatedly  the  violent  reactions  of 
the  first  application  do  not  repeat  themselves,  a certain  toleranee  seems 
to  be  established ; but  although  the  painful  symptoms  disappear  the 
anatomical  changes  become  more  and  more  characteristic.  Theie  is. 
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first,  a very  considerable  thickening  of  the  lower  conjunctival  fornix, 
the  surface  always  remaining  smooth,  with  the  altogether  peculiar 
salmon  color,  then  a more  and  more’  marked  disappearance  of  the 
vascular  changes. 

At  an  even  more  marked  stage  the  thickened  lower  eyelids  are 
slightly  eetropionized,  and  on  account  of  the  turning  out  of  the  puncta 
lacrimalia,  a slight  tear  stasis  is  produced,  leading  to  a form  which 
comes  very  near  to  a lachrymal  conjunctivitis. 

In  the  most  obstinate  cases  the  conjunctiva  of  the  upper  fornix 
presents  certain  changes.  The  vascular  tracery  of  the  tarsal  con- 
junctiva disappear,  blotted  out  by  its  thickening,  and  often  at  the 
upper  edge  of  the  tarsus  fine,  small  points  are  formed  reminding  one 
very  vaguely  of  primary  trachomatous  follicles.  In  a very  extreme 
case  we  have  seen  the  tarsal  conjunctiva  assume  a uniform  straw- 
yellow  color. 

The  bulbar  conjunctiva  reacts  in  a certain  way,  also ; it  becomes  pale, 
anemic,  a little  milky,  as  seen  in  certain  cases  of  xerosis  of  the  con- 
junctiva or  in  vernal  conjunctivitis. 

Sometimes  a slight  encroachment  of  the  conjunctiva  of  the  corneo- 
scleral limbus  on  to  the  cornea  is  observed,  especially  on  the  inferior 
margin  of  the  cornea ; the  bulbar  conjunctiva  appears  much  looser,  less 
adherent  to  the  subconjunctival  tissue;  it  can  be  folded  easily.  We 
may,  also,  mention  that  the  bulbar  conjunctiva  is  easily  injected ; the 
usual  manipulations,  or  a somewhat  prolonged  inspection,  quickly 
produces  a superficial  perikeratic  injection  of  the  conjunctiva.  It 
takes  very  long  for  this  symptom  to  disappear.  The  instillation  of  a 
medicamentous  and  slightly  caustic  collyrium  of  zinc  or  copper  sul- 
phate in  a weak  dose  instantly  provokes  a strong  reaction  accompanied 
by  a flow  of  tears  and  a rapid  curdling  of  these  solutions,  much  more 
rapid  in  its  appearance  than  in  cases  where  no  suspicion  of  this  con- 
junctivitis exists. 

In  the  cases  in  which  the  applications  have  been  made  very  fre- 
quently the  lesions  persist  a very  long  time  after  the  applications  have 
ceased. 

The  conjunctiva  of  the  lower  fornix  remains  thickened  for  a long 
time,  the  va.scular  network  is  slow  in  reappearing,  it  always  appears 
covered  over  by  the  subconjunctival  cellular  proliferation,  the  salmon 
color,  sometimes  somewhat  livid,  shows  white,  slightly  cicatricial  stria- 
tions,  traces  of  cauterizations  produced  by  the  powder. 

The  secretion  is  vei’y  scant,  as  well  in  the  beginning  of  the  affection 
as  even  in  the  most  chronic  cases.  In  certain  forms  of  superadded 
infection,  that  is,  in  which  other  chemical  agents  are  emplo3’ed  after 
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the  primary  application  of  ipecac,  the  secretion  may  become  profuse 
to  a certain  degree.  AVe  have  had  occasion  to  observe  an  abundant 
and  persistent  secretion  in  a ease  in  which  the  primary  application 
of  ipecac  was  followed  by  the  touching  with  garlic  juice.  In  this 
particular  case,  at  first  the  discovery  of  garlic  which  the  patient  did 
not  use  in  his  food,  a particularly  severe  reaction  after  instillations  of 
nitrate  of  silver  into  the  eye  of  the  patient,  and  finally  experiments 
in  vitro  in  order  to  observe  the  precipitation  of  silver  nitrate  in  the 
presence  of  garlic  (allyl  sulphur),  had  given  us  the  key  to  the  mystery. 

In  declining  cases  (without  subsequent  instillation  of  ipecac)  the 
use  of  a collodion  bandage  untouched  for  three  or  four  days  has  given 
us  a very  small  amount  of  dry  secretion,  barely  glueing  tlie  lids  to- 
gether and  disappearing  altogether  when  this  bandage  was  repeated. 

These  ocular  lesions  may  be  complicated  by  lesions  in  the  neighbor- 
hood. Sometimes,  and  especially  in  the  beginning,  the  skin  is  simply 
macerated,  sometimes  “erysipelatoid,”  like  a beginning  eczema;  in 
other  cases  impetiginous  pustules  appear  on  the  eyelids  and  all  around 
the  eye. 

When  a cure  is  effected  tlie  skin  in  the  region  around  the  eye  retains 
for  a long  time  a certain  thickening  and  the  impetiginous  pustules 
disappear  spontaneously,  leaving  slightly  pigmented  scars  of  a very 
light  brown,  a tint  actually  reminding  one  of  the  color  of  ipecac 
itself. 

In  the  acute  forms  one  must  remember  the  clinical  picture  above 
described.  Conjunctivitis,  often  unilateral,  suddenly  beginning,  with 
very  violent  irritative  phenomena;  considerable  swelling  of  the  ele- 
vated and  gorged  conjunctiva  of  the  lower  fornix;  scarcely  any  secre- 
tion, sometimes  like  a pseudo-membrane ; impossibility  of  opening  the 
eyes  spontaneou.sly ; surroundings  of  the  eye  .sometimes  ‘ ‘ erysipela- 
toid.” 

In  the  chronic  forms  the  following  symptoms  occur:  Frequently 
one-sidedness,  lesion  located  in  the  lower  fornix,  salmon-color  of  the 
smooth  conjunctiva,  with  deep  folds,  bare  of  vascular  design,  some- 
times lesion  in  the  upper  fornix,  scant  secretion;  the  particular  con- 
dition of  the  bulbar  conjunctiva,  very  prone  to  become  injected  from 
ordinary  manipulation  or  the  installation  of  any  collyrium. 

These  points:  the  improbable  reasons  alleged  as  the  cause  of  the 
affection,  its  course  and  long  duration,  its  resistance  to  all  treatment, 
must  not  be  neglected;  finally  the  discovery  of  ipecac  can  only  con- 
firm the  clinical  diagnosis. 

Procedures  to  find  the  ipecac  by  means  of  the  microscope  have  been 
described.  They  are  excellent  and  the  positive  results  give  still  more 
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absolute*  certainty ; but  they  call  for  special  instruments  which  are 
jiot  always  at  hand,  furthermore,  they  are  not  indispensable,  the  pic- 
ture of  a chemical  conjunctivitis  (especially  from  ipecac)  is  so  typical, 
it  differs  to  such  an  extent  from  a conjunctivitis  due  to  a pathogenic 
microbie  agent  that  with  a little  acquaintance  the  indicated  elements 
of  diagnosis  suffice  to  identify  this  affection  with  certainty. 

Certain  individuals  have  used  the  powder  for  a year  or  more,  in  an 
intermittent  fashion  every  two,  three  or  four  days;  these  applications 
are  not  very  painful,  especially  after  several  repetitions ; they  keep  the 
eye  in  such  a condition  that  certain  anatomical  alterations  persist. 

Even  in  extreme  cases  the  ocular  lesions  are  limited  to  changes  in 
the  conjimctiva ; in  some  cases  only  in  which  the  dose  was  probably 
very  strong  we  have  observed  a superficial  keratitis  which  healed  with- 
out detriment  to  sight. 

The  use  of  ipecac,  therefore,  seems  to  be  without  danger,  for  in  spite 
of  the  reaction  so  violent  at  first  we  have  not  yet  encountered  a ease 
in  which  after  the  cessation  of  the  chemical  agent  a perfect  cure  has 
not  resulted. 

The  treatment  is  very  simple.  Above  everything  else  it  is  necessary 
to  stop  the  ipecac. 

Other  forms  differ  from  the  ipecac  type,  especially  on  the  part  of 
the  anatomic  lesions.  Their  symptoms  are  (1)  Predominantly  bi- 
lateral, much  more  frequent  than  in  the  preceding  type;  (2)  very 
chronic,  torpid  behavior,  the  affection  lasting  a long  time  and  resisting 
all  treatment;  (3)  superficial  anatomic  alterations  of  the  inferior 
fornix  of  the  conjunctiva,  of  a livid  tint,  the  color  of  red  of  wine  j^east, 
the  vascular  network  remaining  visible  but  slightly  veiled;  sometimes 
similaj*  changes  in  the  conjunctiva  of  the  upper  fornix;  from  time 
to  time  pseudo-follicles  at  the  upper  tarsal  border;  (4)  in  these  cases 
the  secretion  is  more  abundant  than  in  the  ipecac  type  but  is  para- 
doxical, plentiful  at  the  morning  visit,  and  disappears  towards  the 
afternoon  when  a control  visit,  and  especially  an  unexpected  visit,  is 
made;  (5)  the  etiology  given  is  always  most  strange,  something  so  far- 
fetched and  uncertain  that  it  is  impossible  to  admit  it. 

We  have  observed  in  .some  of  these  cases  the  use  of  soap,  tobacco 
(juice  or  powder),  pepper,  dental  powder;  finally  there  are  still  other 
means  equally  queer  and  not  always  of  the  cleanest. 

Provost,  Addison  John.  An  ophthalmologist  and  oto-laryngologist  of 
Oshkosh,  Wis.  lie  was  born  in  Theresa,  Dodge  county,  Wis.,  Jan. 
14,  1863,  removed  with  his  father’s  family  to  Menasha,  and  later  to 
Rudolph,  in  Wood  county.  For  a time  he  worked  as  conductor  on 
a railway,  whereby  he  earned  the  means  for  a medical  education. 
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Eis  medical  degree  was  received  at  the  Hahnemann  Medical  Col- 
lege, Chicago,  1891.  For  a time  he  practised  at  Monroe,  Wis..  where, 
on  Sept.  6,  1893,  he  married  Miss  Nell  Sutherland.  Of  the  union 
one  child  was  born,  a daughter.  Shortly  afterward  the  couple  re- 
moved to  Monticello,  later  still  to  Merrill,  and,  finally,  to  Oshkosh, 
where  he  practised  as  specialist  in  diseases  of  the  eye,  ear,  nose  and 
throat  for  many  years.  He  enlisted  in  the  medical  (ophthalmic) 
department  of  the  army,  and,  with  the  rank  of  captain,  was  stationed 
first  at  Ft.  Riley,  Kansas,  later  at  Ft.  Bliss.  He  died  at  Hot  Springs, 
Ark.,  July  7, 1918. — (T.  H.  S.) 

Prowazek  bodies.  A complete  account  of  these  occupants  of  trachoma 
nests  is  given  on  p.  834,  Vol.  X of  this  Encyolopcdicit  See,  also,  Tra- 
choma. 

Recently  Stargardt  {Zeitsclir.  /.  AugenJilk.,  p.  295,  34,  1916)  has 
shown  that  the  Prowazek  corpuscles  are  found  not  only  in  trachoma 
but  in  inclusion  conjunctivitis  of  the  new-born,  epitheliosis  desqua- 
mativa,  swimming-bath  conjunctivitis,  and  in  other  affections  of  the 
conjunctiva.  He  thinks,  however,  that  the  apparently  positive  find- 
ings of  Prowazek ’s  corpuscles  in  acute  conjunctivitis,  spring  catarrh, 
etc.,  were  due  to  faulty  technic.  In  his  opinion  the  examination  of 
epithelium,  not  of  secretion,  is  necessary  for  obtaining  reliable  results. 
For  that  purpose  he  recommends  the  following  method : Removal  of 
fat  from  the  slides  by  cleaning  with  90  or  96  per  cent,  alcohol  and 
holding  them  for  a few  seconds  in  the  flame  of  a Bunsen  burner.  2. 
Placing  a drop  of  physiological  salt  solution  of  the  size  of  3 mm.  on 
tlie  slide.  3.  Obtaining  the  material  with  the  platinum  scraper  of 
ICuhnt.  4.  Shaking  off  of  the  cells  in  the  drop.  5.  Spreading  the 
drop  with  the  scraper  on  the  slide.  6.  Drying  in  air.  7.  Fixation  in 
methyl  alcohol  for  from  15  to  20  minutes.  9.  Staining  with  freshly 
prepared  Giemsa  solution  (1  drop  in  1 ccm.  of  distilled  water).  10. 
Irrigation  by  a strong  stream  of  water.  11.  Drying  in  air.  Tlie  prin- 
ciple of  these  methods  is  to  obtain  a specimen  of  epithelial  cells  by 
keeping  them  as  much  as  possible  intact. 

Proxinoscope.  See  Zoetrope. 

Prussic  acid.  Ocular  symptoms  of  poisoning  by.  Hydrocyanic  acid. 
These  are,  during  life,  exophthalmia  and  diplopia.  After  death  the 
eyes  are  fixed,  prominent  and  wide  open,  and  are  possessed,  further- 
more, of  a singularly  life-like  expression.  See  p.  70,  Vol.  I of  this 
Encyclopedia;  and  Legal  relations  of  ophthalmology,  in  middle  third 
of  article;  also  Toxic  amblyopia. 

Psammoma.  Sand  bodies.  A small,  hard,  fibrous  tumor  of  the  brain 
tissue,  especially  of  the  dura  mater,  optic  nerve,  pineal  gland  and 
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choroid  plexus,  containing  calcareous  matter,  or  brain-sand.  Some- 
times called,  after  the  discoverer,  Virchow’s  psammoma. 

A rare  example  of  psammoma  of  the  chiasm  is  described  by  P. 
Heinriehdorf  {Klin.  Monatsbl.  f.  xlugenhlk.,  Vol.  5d,  p.  185,  1916). 

de  Schweinite  {Trans.  Am.  Oph.  1914)  points  out  that  tiiese 
new  growths  are  not  distinct  tumors  hut  indicate  the  presence  of 
calcareous  matter  similar  to  brain-sand.  These  sand  bodies  are  found 
in  various  tumors.  Adami  notes  that  psammomata  are  practically 
always  of  endothelial  origin,  and  he  explains  their  appearance  as  due 
to  localized  overgrowth  of  the  capillary  endothelium,  at  first  in  the 
main  concentrically,  so  that  the  deposit  becomes  enlarged  by  the 
deposit  of  layer  within  layer  of  these  endothelial  cells.  Thus,  in  the 
hemangio-endotheliomas  of  the  dura  mater  microscopic  examination 
will  demonstrate,  again,  according  to  Adami,  a collection  of  whorls 
of  concentrically  displaced  cells,  and  sometimes  a whorl  may  be  found 
in  the  lumen  of  which  red  corpuscles  are  demonstrable.  Whorls  may 
also  be  noted  which  show  hyalin  changes,  and  frequently  there  is  a 
deposition  of  calcareous  salts  in  these  degenerated  areas.  In  other 
words,  they  become  tumors  which,  when  this  calcareous  change  is 
marked,  receive  the  name  of  psammoma. 

The  case  described  by  Heinrichsdorf  was  that  of  a woman  dead 
from  general  arteriosclerosis  and  granular  atrophy  of  the  kidneys. 
A greyish-red,  nodular  tumor  of  the  size  of  a cherry  was  discovered 
at  the  anterior  angle  of,  and  below,  the  chiasm,  but  without  con- 
nection with  it.  The  left  optic  nerve  was  lifted  in  the  form  of  an 
arch  around  the  tumor  by  which  it  had  been  flattened.  The  tumor 
lay  immediately  before  the  infundibulum,  from  which  it  could  be 
easily  detached,  although  it  extended  into  the  sella  turcica  and 
possibly  exerted  pressure  on  the  hypophysis.  These  relations  to  the 
adjacent  parts  are  easily  conceivable  from  the  origin  of  the  psam- 
momas, i.  e.,  from  the  endothelia  of  the  lymphatic  spaces  of  the  dura 
mater.  A similar  small  tumor  was  discovered  in  this  ease  on  the 
dura  mater  of  the  inner  surface  of  the  frontal  bone.  The  tumor 
showed  all  the  characteristics  of  psammoma:  collections  and  bands 
of  short  spindle  cells;  within  these  hyaloid  cells  and  globules  of 
lime.  Clinically,  there  were  no  visual  disturbances.  If  the  tumor 
had  grown  one  would  have  expected  bitemporal  hemianopsia  and 
atrophy  of  the  optic  nerves,  especially  on  the  left.  See,  also,  Psam- 
mosarcoma;  as  well  as  Sand  bodies. 

Psammosarcoma.  A sarcoma  containing  a sandy  deposit.  De 
Schweinitz  {Trans.  Amer.  Oph.  Soc.,  1914)  describes  one  of  these 
tumors  in  the  orbit  of  a girl,  wt.  13,  and  gives  an  account  of  its  .suo- 
ce.sHful  removal  with  pi-cservation  of  a functionating  eye. 
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The  patient,  otherwise  healthy,  had  noticed,  about  two  and  a half 
years  before  a tumor-like  mass  protruding  from  the  upper  and  inner 
part  of  the  left  orbit ; there  was  no  history  of  trauma  except  a blow 
on  the  forehead  previously  noted.  This  growth  did  not  appear 
in  relation  to  any  acute  illness.  It  has  never  exhibited  the  slightest 
inflammation,  nor  has  it  ever  been  painful.  Slowly  the  mass  increased 
in  size,  pushing  the  eyeball  downward  and  outward,  but  this  disfigure- 
ment was  unassociated  with  diplopia  or  loss  of  vision. 

The  orbital  growth  had  compressed  the  frontal  sinus  but  did  not 
involve  it  and  did  not  appear  to  proceed  from  it  or  from  the  ethmoid. 

In  the  operation  for  removal  a curved  incision  was  made,  beginning 
at  the  center  of  the  left  eyebrow  and  continued  through  the  eyebrow 
and  along  the  inner  side  of  the  nose  to  a point  exactly  opposite  the 
inner  commissure.  The  tissues  were  gradually  dissected  downwaid, 
the  eyeball  being  properly  protected  with  a horn  spatula,  and  quickly 
there  was  exposed  a plate  of  bone,  which  was  continuous  with  the 
brow  above  and  the  inner  edge  of  the  orbit  to  the  nasal  side,  sloping 
downward  so  that  when  exposed  it  presented  a surface  about  2^2  cm. 
in  height  and  2 cm.  in  width.  This  bony  capsule  was  apparently  com- 
plete, and  therefore  with  a fine  grooved  chisel  it  was  opened  along  the 
orbital  margin  and  the  nasal  side,  and  the  plate  of  bone  lifted  very 
much  as  a flap  would  be  raised.  It  was  about  4 mm.  in  thickness,  and  as 
soon  as  the  chisel  penetrated  the  cyst-like  cavity,  a small  quantity  of 
perfectly  clear  fluid  escaped,  which  unfortunately  was  lost,  and  within 
the  bony  capsule  was  found  a mass  of  tissue  which  in  consistence  and 
somewhat  in  color  suggested  brain  tissue.  This  was  carefully  removed 
with  a scoop  and  preserved  for  examination.  The  bony  capsule  was 
then  removed  piece  by  piece,  and  was  found  to  be  complete,  all  of  it, 
however,  outside  of  the  muscle  cone.  A slightly  ragged  edge  which 
was  left  along  the  upper  and  inner  orbital  margin  was  cleanly  removed 
with  rongeur  forceps,  and  the  edges  smoothed  with  a sharp  chisel.  A 
cavity  now  existed  between  the  muscle  cone  and  the  inner  side  of  the 
orbit  of  very  considerable  size,  estimated  to  be  large  enough  to  contain 
a small  egg.  There  was  practically  no  hemorrhage,  and  it  did  not  seem 
that  any  of  the  ocular  muscles  had  been  harmed  in  the  operation  except 
probably  the  tendon  of  the  superior  oblique.  The  only  vessel  which 
required  ligation  was  the  supraorbital  artery.  The  wound  was  closed 
in  the  ordinary  way  with  interrupted  sutures,  and  a drainage  tube 
inserted  in  its  most  dependent  portion. 

For  a few  days  there  was  a rather  liberal  discharge  of  blood-stained 
serum,  and  at  each  dressing  through  the  drainage  tube  the  cavity  was 
flushed  with  a saturated  boric  acid  solution.  On  the  fifth  or  sixth 
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(lay  the  fluid  wliicli  was  regurgitated  after  the  irrigatiojis  presented  a 
few  flakes  of  nmeo-pus.  On  the  tenth  day  the  patient  went  home,  her 
house  being  in  the  neighborhood  of  the  hospital.  She  returned,  liow- 
ever,  in  twenty-four  hours  with  some  pain  and  swelling,  which  were 
found  to  be  due  to  a small  collection  of  pus  within  the  cavity,  which 
was  evacuated,  and  after  its  evacuation  healing  was  uncomplicated. 
The  drainage-tube  was  removed,  and  no  further  complication  of  any 
kind  occurred. 

The  eye  retuimed  almost  entirely  to  its  normal  position.  Vision  was 
perfectly  acute,  and  the  only  post-operative  complication  was  diplopia, 
quite  typical  of  paresis  of  the  left  superior  oblique.  This  gradually 
subsided,  and  was  noticeable  only  if  the  patient  looked  strongly  down 
and  to  the  right.  When  the  diplopia  was  at  its  maximum  the  double 
images  were  fused  by  a 6-degree  prism  base  out,  and  a 25-degree 
prism  base  down,  that  is,  there  was  an  esophoria  of  6 degrees  and  a 
left  hypertropia  of  25  degrees.  This  became  reduced  to  esophoria,  6° ; 
left  hyperphoria,  7°. 

The  removed  mass  consisted  of  numerous  fragments  of  tissue,  a 
portion  of  thin  bone  and  periosteum.  The  tissue  was  soft  in  con- 
sistency, yellow  in  color,  and  contained  minute  points  of  hemor- 
rhage. Microscopic  examination  demonstrated  that  the  tissue  was 
composed  of  a very  cellular  process  in  which  were  imbedded  enor- 
mous numbers  of  refractile  bodies ; the  nuclei  of  the  cells  for  the 
most  part  "were  spindle  in  shape  and  presented  decided  irregulari- 
ties in  size.  Here  and  there  the  cells  were  drawn  out  to  form  dis- 
tinct fibrils  which  ramified  between  the  tumor-cells.  The  tissue 
was  well  vascularized,  the  vessel  walls  in  many  instances  being 
surrounded  by  the  cells  of  the  tumor,  so  that  a single  layer  of  endo- 
thelium separated  the  vessel  from  the  tumor-cells.  Here  and  there 
throughout  the  tissue  free  hemorrhage  was  noted.  The  refractile 
bodies  were  uniformly  round ; their  centers  pink,  and  the  outer  rims 
dark-blue  in  color.  These  bodies  were  found  in  all  portions  of  the 
tumor-tissue.  Unstained  sections  of  the  growth  were  treated  with 
sulphuric  acid.  As  no  evolution  of  gas  followed,  the  bodies  were 
evidently  not  calcium  carbonate  in  composition.  They  underwent 
solution  and  became  represented  by  groups  of  crystals  of  calcium 
sulphate,  hence  they  were  composed  mainly  of  calcic  phosphate,  or 
similar  salts  of  lime,  and  as  the  cells  were  those  seen  in  sarcoma, 
and  as  these  sand  bodies  were  so  freely  present,  the  diagnosis  of 
psammosarcoma  seemed  .justified.  See,  also.  Sand  bodies,  as  well  as 
Psammoma. 

Pseudagraphia.  A form  of  the  term  pseudo-agraphia. 
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Psendentoptoskope.  A small  microscope  described  by  Laqueur 
(Graefe’s  Archiv  f.  Ophthalm.,  p.  1,  vol.  62,  1890)  as  consisting  o 
three  20  D.  convex  lenses,  intended  lor  the  examination  o£  microscopic 

Pseudo-achromasia.  Complete  (or  monochromaUc)  color-blindness. 

Pseudo-agraphia.  A condition  in  which  the  patient  can  copy  writing, 
blit  cannot  write  except  in  a meaningless  and  illegible  manner. 

Pseudoblepsis.  Pseudoblepsia.  A condition  in  which  objects  appear 
different  from  what  they  really  are. 

Pseudo-bulbar  diseases.  See  Bulbar  and  pseudo-bulbar  diseases. 

Pseudo-bulbar  paralysis.  For  the  ocular  signs,  see  p.  1324,  Vol.  II, 
as  well  as  under  Neurology  of  the  eye,  in  this  Encyclopedia. 

Pseudo-calabar  bean.  See  Cali,  p.  1359,  Vol.  II  of  this  Encyclopedia. 

Pseudo-cataracta.  (F.)  False  cataract. 

Pseudo-choked  disc.  See  Neuritis,  Spurious. 

Pseudo-chromaesthesia.  (1)  An  anomaly  in  the  preception  of  visual 
sensations,  in  which  the  vowels  in  words  appear  colored,  each  having 
a separate  tint.  (2)  A condition  in  which  sounds  induce  a sensa- 
tion as  of  color ; color-hearing ; color-audition. 

Pseudo-chromia.  False  perception  of  color. 

Pseudo-coloboma.  The  mildest  form  of  fissure  of  the  iris,  or  merely 
an  intimation  of  it,  consisting  in  a form  of  partial,  unilateral  hetero- 
chromia of  the  iris.  It  is  the  last  remains  of  the  embryonic  ocular 
fissure,  which  is  tending  toward  closure. 

Pseudo-conjunctivitis.  A form  of  the  disease  that  resembles  but  that 
is  not  a true  conjunctivitis. 

Fromaget  and  Bertemes  {Annales  d'Oculistiqiie,  Aug.  1916 ; review 
by  Couher  in  the  Br.  Journ.  of  Oph.,  Feb.,  1917)  describe  a form  of 
unilated  pseudo-conjunctivitis  depending  on  homolateral  frontal  sinu- 
sitis. They  give  histories  of  three  cases  which  they  had  observed  in 
soldiers  sent  for  examination,  owing  to  suspicious  conjunctivitis,  and 
of  one  case  which  occurred  in  civil  practice. 

The  disease  is  characterized  by  vivid  redness  of  the  entire  palpebral 
and  bulbar  conjunctiva,  which  at  first  sight  resembles  that  of  acute 
conjunctivitis,  but  on  examination  with  a loupe,  is  seen  to  be  due  to 
the  presence  of  vessels.  This  is  accompanied  by  slight  lachrymation, 
but  there  is  very  little  secretion  and  no  gummy  lids  or  redness  or  ex- 
coriation of  the  skin.  There  is  no  pain  and  no  sign  of  disease  in  any 
other  part  of  the  eye  or  orbit.  The  attacks  come  on  suddenlj^  at  in 
tervals  and,  after  lasting  for  periods  which  vary  from  7 to  15  days, 
disappear  spontaneously  in  from  24  to  48  hours.  They  aie  unin 
fluenced  by  the  usual  treatments. 
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These  conditions  were  found  to  be  associated  with  slight  chronic 
frontal  sinusitis,  characterized  by  tenderness  of  the  affected  side  on 
deep  pressure  on  the  angle  where  the  inner  and  superior  walls  of 
orbit  join,  and  by  slight  oozing  of  pus  inside  the  external  lip  of  the 
middle  meatus.  This  latter  may  not  be  present  at  the  first  examina- 
tion and  may  only  become  apparent  after  the  fronto-nasal  canal  be- 
comes freed  spontaneously  or  by  treatment.  The  authors  consider 
that  these  cases  are  very  similar  in  etiology  to  the  cases  of  iritis  or  false 
iritis  which  accompany  maxillary  sinusitis,  and  are  due  to  infection, 
probably  through  the  venous  anastomoses,  and  not  to  reflex  action. 
For  treatment  they  recommend  inhalation  of  menthol  with  occasional 
applications  of  cocaiu  and  adrenalin.  As  the  frontal  disease  is  of  a 
very  mild  t3T)e,  operation  is  not  usually  necessary. 

Pseudo-diascope.  An  appliance  for  producing  an  optical  illusion 
depending  upon  a transposition  of  ocular  impressions. 

Pseudo-diphtheria  bacilli.  See  p.  3998,  Vol.  VI,  as  well  p.  3113, 
Vol.  IV  and  p.  781,  Vol.  II  of  this  Encyclopedia. 

Pseudo-ephedrin.  A mydriatic  alkaloid,  CioHi^NO,  in  fragrant  needles 
from  certain  species  of  Ephedra.  See  Ephedrine  (Pseudo-),  p.  4477, 
Vol.  VI  of  this  Encyclopedia. 

Pseudo-esophoria.  A term  applied  by  Savage  to  an  oculo-muscular 
condition  in  which  the  far  test  shows  orthophoria  and  the  near  test 
exophoria.  See  Muscles,  Ocular. 

Pseudo-exophoria.  An  outward  tendency  of  the  visual  axis  excited  by 
diminishing  the  activity  of  the  accommodative  centers. 

Pseudo-geusesthesia.  A condition  in  which  sensations  of  taste  are 
accompanied  by  sensations  as  of  color. 

Pseudo-glioma.  -Plastic  cyclitis.  An  exudate  in  the  vitreous  simu- 
lating glioma  of  the  retina.  See  p.  5585,  Vol.  VI,  and  p.  3622,  Vol.  V, 
of  this  Encyclopedia 

In  addition  to  what  is  stated  there  it  may  be  added  that  recently 
Sydney  Stephenson  (OpJithalmsocope,  p.  14,  Jan.,  1916)  and  many 
others  have  discussed  the  diagnosis  and  pathology  of  pseudo-glioma, 
and  from  these  studies  one  may  conclude  that  the  name  is  applied  to 
a number  of  quite  different  pathologic  entities. 

Stephenson  points  out  that  the  conditions  most  commonly  mistaken 
for  glioma  include  metastatic  irido-cyclitis  and  extension  retinitis. 
Gross  tubercle  of  the  clioroid,  too,  as  .shown  by  AV.  A.  Brailey  (Trnn,<t. 
Ophthal.  Society  U.  K.,  p.  129,  Vol.  Ill,  1883),  may  also  lead  to  confu- 
sion, although  .such  ca.scs  are  rare.  Certain  congenital  anomalies,  to 
which  special  attention  has  been  directed  by  E.  Treacher  Collins  {Re- 
searches into  the  AnatO'my  amd  Pathology  of  the  Eye,  1896),  may  be 
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difficult  or  impossible  to  diagnose  from  glioma.  To  this  Stephenson 
adds  the  retinitis  exudativa  or  retinitis  hemorrhagica  externa,  of 
George  Coats  {Royal  Lo-ndon  Ophthalmic  Hospital  Reports,  Nov., 

1908). 

Mayou  and  Collins  have  also  shown  that  when  a cyclitic  membrane 
forms  (behind  the  lens)  it  gives  rise  to  a yellowish  reflex,  a condition 
that  may  clinically  resemble  glioma  of  the  retina.  In  pseudo-glioma 
the  retina  becomes  matted  up  with  the  exudate  and  ciliary  body  to 
form  a large  mass  in  which  pigment  cells  proliferate  and  migrate. 
The  choroid,  ciliary  body,  and  the  ciliary  processes  are  pulled  inward, 
opening  up  the  supra-choroidal  lymph  spaces  and  the  root  of  the  iris 
backward  into  the  circumlental  spaees,  deepening  the  periphery  of 
the  anterior  ehamber.  The  epithelium  covering  the  inner  surface  of 
the  ciliary  body  often  extends  into  the  cyelitic  membrane  in  the  form 
of  pigmented  and  partially  tubular  processes. 

Swanzy  remarks  that  “purulent  choroiditis  does  not  reach  the  latter 
stage  in  every  ease,  but  may  remain  confined  chiefly  to  the  choroid, 
vitreous  humor  and  iris.  The  pain  in  these  cases  is  not  severe,  and  the 
affection  occurring  in  children  may  be  mistaken  for  glioma  of  the 
retina,  indeed,  the  name  of  pseudo-glioma  has  been  given  to  it.  It  must 
be  stated  that  very  recent  investigations  go  to  show  that  pseudo- 
glioma has  its  origin  in  the  retina  rather  than  in  the  choroid.  It 
is  distinguished  from  glioma  of  the  retina  by  the  muddy  vitreous 
usually  present  with  it,  by  the  posterior  synechi®  and  by  the  retraction 
of  the  pupillary  part.” 

Treacher  Collins  found  in  seven  cases  out  of  twenty-four  eyes 
enucleated  for  glioma  that  the  diagmosis  was  incorrect;  Vetsch  and 
Isler  4 times  in  41  cases ; Haab  5 times  in  20  cases,  and  Greef  4 times  in 
21  eases.  In  nearly  every  case  reported  by  Greef  there  was  a retinal 
detachment  caused'by  a iemon-yellow  fluid  in  which  there  were  many 
cholesterin  crystals  or  fat  cells  with  pigment  crystals.  He  believes  that 
the  cause  of  the  detachment  was  a choroiditis  following  infectious 

d 1S0&S0S 

The  ease  of  a girl  9 years  of  age  who  had  for  3 weeks  shown  a yellow 
reflex  from  the  right  eye,  is  reported  by  Eversheim  (Archiv  fur  Oph- 
thalm.,  70,  I,  1909).  This  eye  had  converged  for  IV2  years.  Behind 
the  lens  there  were  two  yellowish-green  protuberances  which  trembled 
slic^btly  with  the  eye  movements.  Tortuous  vessels  could  be  seen  on 
one  and  the  entire  retina  was  detached.  Well  anterior  there  was  a 
second  spherical  bluish  fold.  The  fine  vascular  twigs  showed  arbo- 
rescent branchings  with  numerous  small  convolutions ; throughout  the 
retina  there  were  many  small  hemorrhages.  The  second  case  was  that 
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of  a boy  just  under  three  years  ot  age.  Behind  the  lens  there  were 
projecting  folds  of  retina  with  coursing  vessels.  The  retina  was  totally 
detached.  On  both  sides  it  overlay  the  ora  serrata,  the  pars  ciliaris, 
zonule  and  posterior  surface  of  the  lens.  In  the  middle  of  these  the 
two  leaves  met  and  bulged  backwards,  lying  close  together,  but  still 
forming  a flat  fold  which  reached  the  papilla. 

The  microscopic  findings  lead  the  writer  to  the  following  conclu- 
sions : The  disease  begins  either  primarily  or  metastatically  at  some 
place  or  another  in  the  retina,  perhaps  in  one  of  the  central  vessels. 
Connected  with  this  there  is  either  a high  grade  nutritional  disturbance 
or  hemorrhages,  so  that  a degeneration  of  the  retina  results,  which  at 
first  involves ^the  sensory  nervous  elements.  The  hemorrhage  takes 
place  both  in  the  substance  of  the  retina  and  between  the  retina  and  the 
choroid.  When  a cellular  infiltrate  is  present  in  the  latter  it  can  be 
traced  to  the  excitation  produced  by  such  hemorrhages.  Through  or- 
ganization of  this  infiltrate  and  also  from  the  sheath  of  the  vessels, 
new-formed  fibrous  tissue  may  become  attached  to  the  choroid  and 
form  adhesions.  Where  detachment  of  the  retina  takes  place  the  space 
is  filled  with  hemorrhages  and  exudate  from  the  diseased  vessels.  This 
may  be  so  extensive  that  the  lens  becomes  pushed  forward  and  closes 
the  angle  of  the  anterior  chamber  producing  increased  tension.  This 
condition  of  the  tension,  first  normal  then  plus,  is  also  found  in  true 
glioma  and  makes  the  diagnosis  more  difficult.  The  visible  convoluted 
vessels  are  very  striking  and  this  and  the  cauliflower-like  appearance 
of  the  base,  and  the  fact  that  also  in  all  three  ca.ses  there  was  ectropion 
uvefe  may  be  of  value  in  the  diagnosis  of  pseudo-glioma. 

The  above  findings  indicate,  according  to  the  author,  that  pseudo- 
glioma, in  a majority  of  cases,  is  a di.sease  of  the  retina  and  not  of 
the  choroid. 

Posey  reports  the  case  of  a baby  which  was  born  with  pseudo- 
glioma in  one  eye,  and  in  the  other  a coloboma  of  the  iris  with  ophthal- 
mascopie  signs  of  old  choroiditis  and  secondary  atrophy  of  the  optic 
nerve.  At  birth  the  eyes  were  free  from  inflammation.  The  conditions 
■Rere  attributed  to  inflammation  of  the  mesoblastic  tissues  resulting 
from  syphilis  in  the  mother. 

Pseudo-heterophoria.  See  Muscles,  Ocular. 

Pseudo-hyaloid  artery.  These  are  threads  of  connective  tissue  at- 
tached to  the  papilla,  the  result  of  inflammatory  action,  or  hemor- 
ihage  into  the  hyaloid  canal;  also  the  hyaloid  passageway  may  be 
filled  with  the  products  of  inflammation  that  subsequently  become 
more  or  le.ss  organized — all  of  which  may  closely  resemble  a persist- 
ent hyaloid  vessel. 
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Pseudo-hyoscyamin.  See  Duboisin,  p.  4087,  Vol.  VI  of  this  Encyclo- 
pedia. 

Pseudo-hypopyon.  A name  given  to  the  broken-down  gummatous  dis- 
charge into  the  anterior  chamber  often  accompanying  a syphilitic 
iritis.  A good  account  of  this  sign  in  all  its  bearings  is  given  by  Rollet 
{Revue  gen.  d’ophtalm.,  Oct,  1904;  and  in  the  Bull,  de  la  Soc.  frang. 
d’Ophtalm.,  p.  261,  1908). 

Pseudo-isochromatic.  Seemingly  of  the  same  color  throughout;  ap- 
plied to  solutions  for  testing  color-blindness,  containing  two  pig- 
ments which  will  be  distinguished  by  the  normal  eye,  but  not  by  the 
color-blind. 

Pseudo-isochromatic  plates.  For  a description  of  the  best  known  ex- 
example of  these — Stilling’s — see  p.  2485,  Vol.  IV  of  this  Encyclo- 
pedia. 

While  recognizing  the  great  diagnostic  use  of  Stilling’s  plates  Ilelm- 
bold  {Ophthalmic  Year-Book,  p.  263,  1916)  does  not  believe  they 
should  be  used  as  the  exclusive  method  of  examination,  as  it  is  not 
possible  to  determine  color  defects  with  certainty,  there  being  a num- 
ber of  cases  now  on  record  in  which  Stilling’s  plates  were  read  with- 
out hesitation  by  dichromics  or  anomalous  trichromics.  Further- 
more, there  are  persons  who  can  decipher  certain  of  the  Stilling  plates 
only  with  the  greatest  difficulty  and  are  nevertheless  color-sound. 

Isliiwara  has  published  two  new  pseudo-isochromatic  plates  designed 
to  bring  out  red  and  green  blindness.  Each  plate  consists  of  a large 
number  of  round  spots  of  various  sizes,  some  being  various  tints  of 
the  test  color  and  others  of  confusion  colors.  The  test  color  spots 
are  arranged  in  a figure,  which  the  person  tested  can  be  required  to 
outline.  The  color-blind  will  naturally  include  in  his  drawing  both 
test  and  confusion  colors. 

Pseudo-isochromatic  powders  of  Mauthner.  One  of  the  many  devices 
employed  in  the  detection  of  color-blindness.  See  Vol.  IV,  p.  2457 
of  this  Encyclopedia. 

Pseudo-leukemia.  This  disease  resembles  true  lymphatic  leukemia 
somewhat  (see  p.  7440,  Vol.  X of  this  Encyclopedia),  and  the  symp- 
toms from  the  ocular  standpoint  are  of  interest.  Lymphoma  of  the 
orbit  and  of  the  lid  are  noticed  in  it  but  the  tumor  masses  are  not 
seen  in  the  depths  of  the  orbit  as  observed  in  the  true  form.  See, 
also,  the  article  by  Stock  {Klin.  Monatshl.  f.  Augenh.,  April,  1906) 
and  p.  1034,  Vol.  II  of  this  Encyclopedia. 

Pseudo-leukemia  lymphatica.  See  Blepharochalasis,  p.  1034,  Vol.  II  of 
this  Encyclopedia. 
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Pseudo-membranous  cataract.  A condition  in  which  there  are  white 
spots  on  the  lens  due  to  iritis. 

Pseudo-neoreopithelioma.  See  Pseudoglioma. 

Pseudo-neuntis  h3T)erplastica.  Pseudo-papilledema.  Pseudo-neuritis 
PROMiNENS.  Optic  pseudo-neuritis.  See  Neuritis,  Spurious,  p.  8328, 
Vol.  XI.  of  this  Encyclopedia. 

In  addition  to  the  matter  there  found  it  may  he  well  to  mention 
that  Wood  (Ophthalmic  Year-Book,  p.  244,  1913)  has  studied  the 
condition  of  pseudo-neuritis  and  finds  that  the  cases  may  be  divided 
into  two  groups:  pseudo-neuritis  and  pseudo-papilledema.  The  first 
group  is  much  more  common  than  the  second.  The  most  frequently 
met  with  form  of  the  first  gi-oup  is  the  striate  variety  with  slight 
blurring  of  the  edgas  of  the  disk  frequently  seen  in  hyperopia.  In 
the  second  form  of  the  first  gi'oup  the  disk  presents  a grayish-red 
appearance,  woolliness  of  the  edges,  tortuosity  of  the  vessels  and  some 
connective  tissue  adjacent  to  their  origin.  The  appearance  suggests 
that  some  portion  of  the  ‘‘embryonic  scaffold”  tissue  escaped  ob- 
literation during  development.  The  pseudo-papilledema  occurs  either 
as  a prominence  of  the  nasal  half  of  the  papilla  or  a condition  pre- 
cisely simulating  true  papilledema.  Prom  microscopic  studies  made 
by  Axenfeld  and  by  Ormond  it  would  seem  probable  that  these  cases 
are  really  enlargements  of  the  optic  nerve  head  due  to  primary  edema 
which  has  persisted  for  years.  Talmey  examined  the  eyes  of  a man 
who  complained  of  blurred  vision  six  weeks  after  a severe  cranial 
injury  by  blunt  force.  The  ophthalmoscope  showed  what  was  deemed 
to  be  a bilateral,  pseudo-neuritis  with  unilateral  raedulated  nerve 
fibers.  The  fields  of  vision  are  not  recorded,  but  it  is  stated  that 
“the  function  of  the  eyes  was  normal.”  Twelve  weeks  later  the 
condition  was  unchanged. 

A case  that  somewhat  resembles  Beard’s  classic  instance  is  reported 
by  Phinizy  Calhoun  (OphtJwl  Rec.,  May,  1915).  It  occurred  in  a 
woman,  aged  43.  The  margins  of  the  disc  were  blurred  and  obliter- 
ated by  a slight  swelling.  The  vessels  were  normal  in  size  and  posi- 
tion except  that  the  temporal  veins  of  the  right  eye  were  slightly 
full,  and  as  the  ve.ssels  approached  the  disc  they  were  lost  or  covered 
in  the  slight  swelling  and  striations  of  retinal  tissue. 

Pseudo-nystagmus.  This  symptom  (sometimes  found  in  normal  eyes) 
is  characterized  by  jerky  movements  which  are  more  marked  at  the 
end  of  the  globar  excursions.  It  is  found  usually  in  hereditary 
ataxia,  and  in  many  other  diseases  of  the  nervous  .system.  TThthoff 
also  noticed  that  it  occurs  in  46  per  cent,  of  cases  of  multiple  neu- 
rosis. 
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Pseudo-ophthalmoplegia,  Wernicke’s.  See  Neurology  of  the  «ye. 

Pseudloptogram.  An  optogram  in  which  the  rods  str.p  off  from  the 

illumiiifited  area  and  only  the  cones  remain.  pseudo  neu- 

Pseudo-papilledema.  See  Neuritis,  Spurious;  as  well  as  Pseudo-neu 

Ps^udo^^pmis^  Neuritis.  Spurious;  also  Pseudo-neuritis  hyper- 

Pseu^ophakia  fibrosa.  A name  applied  by  Czermak  {Bericht  der  Oph- 
tJml.  Gesellsch.  32,  p.  335,  1905)  to  a shrivelled  lens  associated  with 
a persistent  pupillary  membrane  in  a case  of  microphthalmia. 

Pseudo-photesthesia.  The  perception  of  light  on  receipt  of  an  abnoi- 
mal  stimulus,  such  as  irritation  of  the  Schneiderian  membrane. 

Pseudo-physostigmin.  See  Cali.  p.  1359.  Vol.  II  of  this  Encyclopedra. 

Pseudopsia.  False  or  depraved  vision  ; pseudo-blepsia ; 

Pseudo-pterygium.  A form  of  pterygium  encroaching  upon  the  con- 
junctiva from  any  direction,  following  injuries  of  the  margin  o 

^^The  differential  diagnosis  between  true  and  false  pterygium  is 
not  difficult.  Pseudo-pterygium  is  a fold  of  conjunctiva  wiici  las 
become  adherent  to  the  cornea  at  a point  of  previous  ulceration  oi 
abrasion.  The  limbus  is  crossed  by  a bridge  of  conjunctiva  beneath 
which  a fine  sound  can  always  be  passed.  There  is  no  canal  beneath 
the  neck  of  a true  pterygium,  and  the  passage  of  a sound  at  this 

noint  is  impossible. 

Steiner  (Klin.  MonaUU.  f.  Angenheilk.,  April,  1911).  describes  an 
operation  suitable  for  such  cases  of  pseudo-pterygium  as  occur  in 
advanced  trachoma  in  which  the  conjunctiva  is  dragged  over  onto 
the  cornea,  'file  membrane  is  dissected  carefully  off  from  the  cornea 
and  the  separation  from  the  selera  is  carried  down  to  the  fornix.  In 
the  depth  of  the  fornix,  behind  the  membrane,  a frontal 
made  tvhich  deepens  the  cul-de-sac  to  the  orbital  margin.  The  dis_ 
sected  conjunctiva  is  then  turned  so  that  it  forms  a continuation  of 
the  palpebral  conjunctiva,  'fhe  free  margin  which  was  upon  the 
cornea  occupies  the  bottom  of  the  cul-de-sac.  It  is  fastened  here 
hr  sutures  hronght  through  onto  the  skin  at  the  orbital  margin 
When  the  pseudo-pterygium  occupies  the  lissural  area  i is  sp  i 
horizontally  and  one-half  transplanted  above  fhe  other  Imlf  below. 

See.  also.  Pterygium.  . f 

Pseudo-ptosis.  A conditiou  simulating  true  ptosis.  looping  o 

the  lid  occasioned  by  swelling  from  edema,  " 

• .should  not  be  classed  with  cases  of  genuine  ptosis.  So  too,  the  sli 
drooping  of  the  lid  so  frei|ueiitly  seen  in  trachoma  is  due  moic  to  t 
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additional  weight  of  the  lid,  combined  probably  with  paresis  of  the 
muscle  of  Miiller. 

The  condition  kuowm  as  ptosis  adiposa  is  the  result  of  a relaxed 
skin  which  hangs  down  like  a fold  over  the  free  border  of  the  lid,  and 
becomes  more  noticeable  when  the  lid  is  drawn  upward.  This  is  due 
to  the  lack  of  rigidity  of  the  fascial  fibers  of  the  levator  tendon,  that 
pass  forward  between  the  bundles  of  the  orbicularis  muscle  to  be 
attaclied  to  the  skin  of  the  eyelid. 

Pseudo-ptosis,  Hysteric.  See  p.  6124,  A^ol.  VllI  of  this  Encyclopedia. 

Pseudo-pupil.  The  false  ]nipi]  of  nvvertebrate  eyes.  See  Comparative 
ophthalmology,  also  Pupil. 

Pseudo-refixation.  A term  used  by  Clifford  Walker  to  indicate  the 
performance  by  the  observing  patient  under  examination  by  the 
hemianoptic  prism  reaction  of  the  act  of  refixation  even  when  there 
is  no  light  in  the  blind  field. 

Pseudo-sclerosis,  Ocular  relations  of.  Westphal-Strumpell’s  disease. 
K.  Krabbe  {CentralU.  f.  prakt.  Aug.,  40,  p.  146,  1915)  describes  an 
example  of  this  disease  as  occurring  with  a slow,  rhjdhmic  action 
tremor,  bradylalia  and  alimentary  glycosuria.  Otherwise  there  was 
a normal  neurological  condition,  but  typical  pigmentation  of  the 
cornea  in  a zone  1 mm.  wide  along  the  limbus  of  both  eyes.  There 
were  also  total  paralysis  of  fixation  to  the  right,  incomplete  to  the 
left,  left  enophthalmus,  and  abolished  convergence. 

Pseudoscope.  An  optical  instrument  through  which,  by  means  of  an 
arrangement  of  prisms,  objects  are  seen  with  their  relief  inverted. 
What  is  convex  appears  concave,  and  a figure  in  intaglio  appears  to 
be  cut  in  relief.  It  was  discovered  by  Wheatstone  when  experiment- 
ing with  the  stereoscope. 

Pseudo-trachoma.  A disease  of  the  ej^c  and  limbus  resembling  tra- 
choma. See  Conjunctivitis,  Follicular,  p.  3103,  Vol.  IV  of  this  Ency- 
clopedm. 

Pseudotropin.  An  isomeric  form  of  atropin. 

Pseudo-tuberculosis  of  the  eye.  See  Ophthalmia  nodosa,  p.  8514,  Vol. 
XI  of  this  Encyclopedia. 

Pseudo-tumor  of  the  eye.  See  Pseudo-glioma,  to  Avhich  the  term  is 
u.sually  applied.  It  is,  however,  also  used  to  indicate  any  deposit 
.simulating  a true  neopla.sm.  For  example,  Ginsberg  and  Paul  Cohn 
(Graefe’s  Archiv  f.  Ophthalm.,  81  pt.  1917;  ab.sti'act  in  Opli.  Review, 
May,  1912)  report  a p.fciido-iumor  of  Ike  in.<f  in  a healthy  boy,  four 
years  of  age.  After  an  operation  on  tlie  globe  a yellowish  .sti'cak  was 
noticeable  in  the  right  eye,  which  was  smaller  than  the  left,  eonvergent, 
blind,  not  sensitive  to  the  touch  and  exhibited  mijius  tension. 
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There  was  a leucoiiia  adherens,  the  rest  of  the  cornea  was  cleai, 
the  anterior  chamber  shallow,  and  contained  crystals  of  cholesterin, 
seen  on  focal  illumination. 

The  iris  was  atrophic,  and  there  was  a small  artificial  coloboma  with 
its  base  outwards.  Tii  the  angle  of  the  chamber  reaching  from  the  mid- 
point of  the  base  of  the  coloboma  to  about  5 o’clock  was  a yellowish- 
red  new-growth,  with  a finely  nodular  surface,  and  numerous  vessels 

developed  on  its  surface.  , -> 

There  was  no  evidence  of  any  recent  inflammatory  disturbance,  and 

the  globe  traiisilluminated  except  below. 

In  view  of  the  fact  that  the  tumor  was  rapidly  increasing  in  size, 
and  that  the  eye  was  hlind,  it  was  deemed  advisable  to  enucleate  it. 

Pathologically  the  retina  was  found  to  lie  totally  detached,  signs  o 
a long-standing  ii-ido-cyclo-choroiditis  were  present  while  the  tumor 
was  a cyst  in  the  anterior  layer  of  the  ins  tissue,  i.  e.,  in  front  ot  the 
pimnent  epithelial  layer,  which  was  found  to  contain  large  iiiimhers 
of  long,  needle-shaped  crystals,  which  were  found  to  give  the  reactions 
of  a fatty  acid.  There  was  no  lens  in  the  eye. 

Psilosis.  Falling  out  of  the  hair.  .,11  i 

Psoriasis.  The  lid  skin,  and  the  dermal  covering  in  the  neighborhood 
of  the  orbit  generally,  may  be  involved  in  this  disease,  leading  to  tail- 
ing out  of  the  eyelashes,  ectropion,  trichiasis,  symblepharon,  xerosis 
of  the  conjunctiva  and,  occasionally,  corneal  ulcer.  More  frecpiently 
a simple  conjunctivitis  results,  which  disappears  after  the  disappear- 
ance of  the  iisoriasis.  The  treatment  is  that  of  the  skin  disease  and 
consists  chiefly  in  the  careful  employment  of  chrysarobin.  f?.ee  p. 
2208  Vol.  Ill  of  this  Encycloji^cdia. 

Psoriasis  ophthalmica.  (P.)  Sriuainous  eczema  of  the  eyelids;  scaly 

blepharitis.  ^ n i 

Psorophthalmia.  Palpebral  conjunctivitis  combined  ^nth  ^j^pharitm 

ulcerosa.  See  Lippitudo  pniriginosa,  p.  7496,  Vol.  X,  and  p.  102^, 

Vol.  11  of  this  Encyclopedia.  , 1 j 

Psychalia.  A morbid  state  of  mind  in  which  voices  seem  to  be  heard 

and  images  to  be  seen. 

Psychanopsia.  Psychic  blindness. 

Psychic  blindness.  Soul-blindness.  Mind-bt.indness.  OsjECT-BLmD- 
NFSS  Visit \L  APRAXIA.  Pragmat agnosia.  In  this  condition,  a patient 
is  uiiable^to  recognize  by  sight  objects  that  were  at  one  time  entirely 
familiar  to  him.  Those  visual  memories  which  one  recalls  m the 
recognition  of  particular  objects  are  no  longer  accessible.  See  p. 
1176,  Vol.  IT  of  this  Encyclopedia;  also  Neurology  of  the  eye. 

In  addition  to  this  matter,  the  Ophthahnic  Year-Book,  p.  247,  1916, 
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has  abstracted  the  following:  Functional  amblyopia  as  a war  neu- 
rosis occurred  in  a case  watclied  by  Eder,  The  periphery  of  the 
loop-hole  tlu’ough  which  the  soldier  was  shooting  was  struck  re- 
peatedly by  bullets  until  his  eyes  began  to  water.  Ilis  vision  began 
to  fail  and  within  a few  hours,  complete  amblyopia  had  developed. 
Eder  explains  the  amblyopia  as  the  result  of  a mental  conflict  be- 
tween the  subconscious  instinct  of  self-preservation  and  the  soldier 
instinct,  resulting  in  hysterical  amblyopia.  Lagrange  was  unable  to 
determine  whether  a ease  that  came  under  his  care  was  a malingerer 
of  exceptional  energy  or  a mono-sj^mptomatic  hysterical  blindness. 
Tlie  man  in  question  was  a soldier  in  whose  vicinity  a bomb  had 
exploded.  He  became  unconscious,  although  no  physical  signs  of 
injury  could  be  found  and  on  recovery  of  consciousness,  was  entirely 
blind.  None  of  the  tests  devised  were  able  to  elicit  light  perception, 
although  his  pupils  reacted  freely.  Finally  Lagrange  proposed  to 
cure  him  by  operation,  at  the  same  time  assuring  the  man  that  he 
would  not  be  eligible  to  further  military  service.  Perfect  vision 
resulted  from  this  procedure. 

Hertz  and  Ormond,  on  the  other  hand,  give  the  history  of  seven 
cases  of  concussion  blindness  wherein  the  vision  was  completely  re- 
stored by  tonics,  rest,  hypnosis  and  suggestion.  They  do  not  believe 
that  punishment,  either  suggested  or  real,  is  of  any  value,  and  these 
sufferers  are  truly  psychically  blind. 

Psychic  reflex.  Certain  mental  states,  such  as  induced  by  great  fear 
or  anger,  cause  dilation  of  the  pupils. 

Psycho-analysis.  A form  of  suggestive  treatment  capable  of  employ- 
ment in  the  treatment  of  hysterical  amblyopia.  For  example,  the  two 
patients  whose  eases  are  reported  by  Ames  (Ophthalmic  Year-Bool, 
p.  413,  1914)  were  quickly  relieved  of  hysterical  blindness  by  psycho- 
analysis, after  one  had  been  blind  for  some  weeks  and  the  other  for 
more  than  two  months.  In  each  case  there  was  some  feature  in  the 
patient’s’  mental  life  which  made  vision  undesirable  or  suggested  that 
blindneas  was  a refuge  from  trouble.  The  psjmho-analytic  methods 
employed  made  this  underlying  fact  clear  to  the  patient,  and  in  each 
instance  the  unrestricted  desire  to  see  was  followed  by  restoratioii 
of  vision. 

Psychochrome.  A subjective  mental  association  between  any  bodily 
sensation  and  some  particular  color.  The  colored  thought-form  of  a 
mental  concept.  See  Chromatic  audition. 

Psychochromesthesia.  The  condition  in  which  auditory  stimuli  pro- 
duce sensations  or  associated  sensations  of  color.  The  faculty  of 
colored  thinking.  See  Chromatic  audition. 
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Psychochromesthete.  Oue  who  possesses  the  faculty  of  colored-think- 
ing. 

Psychogram.  A visual  sensation  associated  with  a mental  idea  as  of 
a certmn  number  which  appears  visualized  when  it  is  thought  of. 

1C  visualized  but  uncolored  form  of  a mental  concept.  See  Chro- 
matic audition. 

Psychology  of  the  eye.  Psychology  op  vision.  Psychology  treats  of 
the  science  of  mind,  that  is,  systematic  knowledge  and  investigations 
of  the  genesis,  powers,  and  functions  of  mind.  Vmml  psycholog!, 
me  hides  the  mental  concepts,  activities  and  mental  associations  of  eve- 
sight  as  well  as  of  the  apparatus  by  means  of  which  vision  is  aeeom- 
pushed.  See,  also,  Conscious  vision,  p.  3184,  Vol.  V of  this 
li^ncyclopedm. 

This  large  and  important  subject  has  been  partially  and  inciden- 
tally discussed  under  various  captions  in  this  Encyclopedia  See 

01 P-  " i Conscious  vision,’ 

p.  Jlb4,  \ ol.  \ ; numerous  rubrics  under  Neurology  of  the  eye'  Color- 

^nse  and  color-blindness;  the  introduction  to  Physiological  optics • 

emory,  isual.  Hysteria;  as  well  as  many  of  the  Blind  and  Blind 
ness  caiitioiis,  especially  those  in  Vol.  II,  pp.  1135,  1202  1119  etc 
See,  also,  Psychoses;  as  well  as  Pupil  rubrics;  Intracranial  visual  ap' 
paratus;  Optic  nerve  and  Anatomy  of  the  eye. 

The  mental  state  involved  in  normal  sight  as  well  as  those  rela- 
tions of  mind  to  the  pathological  conditions  which  we  know  as  blind- 
ne.^s,  with  or  without  apparent  lesions  of  the  visual  apparatus  may 
well  occupy  considerable  space  at  this  point. 

imagery  and  verhal  thought.  As  Clara  fl.  Town  (Illinoh 
Med.  Jour.,  Oct.,  1914)  has  pointed  out  much  of  our  thought  if  not 
ail,  IS  carried  on  by  means  of  memory  imag-es  of  various  modalities 
that  most  of  our  consciousness  apart  from  its  sensorv  elements  is  made 
up  ot  inemory  images,  the  result  of  some  past  sensory  experience.  We 
all  speak  of  seeing  with  our  mind’s  eye;  we  are  then,  in  more  technical 
language,  experiencing  visual  images.  We  also  hear  with  our  mind’s 
ear  smell  with  our  mind’s  nose,  taste  with  our  mind’s  tongue,  and 
feel  with  our  mind’s  fingers,  though  these  figures  of  speech  are  not 
so  generally  employed.  In  these  several  instances  we  are  experienc- 
ing auditory,  olfactory,  gustatory  and  tactual  memory  images. 

A large  part  of  our  thinking  is  carried  on  by  means  of  words  by 
means  of  internal  language  as  it  is  called,  or  more  technically  endo- 
phasia.  Our  analyses  of  these  word-images  show  them  to  be  made 
up  of  visual  images,  or  memories  of  the  appearance  of  words  and 
letters,  of  auditory  images,  or  memories  of  the  sounds  of  words  and 
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letters,  aiul  of  motor  images  or  memories  of  the  speaking  or  writing 
of  words  and  letters.  There  is  present  besides  a conseionsness  of  the 
meaning  of  the  word  which  seems  to  belong  inseparably  to  the  com- 
])lex  of  verbal  images  which  constitute  the  word  experience. 

The  construction  of  the  retina  and  its  relations  to  visual  concepts. 
A.  J.  Ballaiityne  {Opli.  Reviciv,  p.  332,  Nov.,  1912)  has  given  a most 
useful  abstract  and  review  of  two  papers  by  A.  Thierf elder  {Beitrdge 
zur  Augenheilkunde,  Part  80,  May,  1912)  with,  which  the  student  of 
visual  psychology  should  be  familiar.  For  this  reason  it  is  here 
quoted  almost  verbatim-.  In  these  two  communications  Thierf  elder 
outlines  his  attempt  to  construct  a theory  of  the  mechanism  of  vision, 
from  the  point  at  which  light  falls  upon  the  retina  up  to  the  percep- 
tion, retention,  and  reproduction  of  images.  Perhaps  hypothesis 
would  be  a more  fitting  term  than  theory,  for  it  must  be  confessed 
that  his  views  are  erected  on  the  slenderest  possible  foundation  of 
acknowledged  fact.  The  first  paper,  so  far  as  it  has  an}''  such  basis, 
seems  to  rest  on  certain  facts  regarding  color-blindness  and  positive 
and  negative  after-images,  while  the  view  put  forward  in  the  second 
is  purely  hypothetical,  and  the  facts  which  are  supposed  to  support 
it  could  apparently  be  explained  equally  well  by  other  means. 

To  the  rods  and  cones  he  applies  the  term  “visual  cells,”  and  to 
the  cells  of  the  outer  nuclear  layer  the  name  “cells  of  regeneration.” 
Each  visual  cell  has  in  front  of  it  a corresponding  cell  of  regenera- 
tion, and  they  are  connected  by  a canal.  These  parts  are  surrounded 
by  a photochemically  neutral  fluid.  The  inner  segment  of  each  visual 
cell  contains  the  visual  substance,  the  molecules  of  which  are  sensi- 
tive to  light.  The  molecules  are  of  different  sizes,  and  each  is  acted 
upon  by  light  rays  of  a definite  wave  length.  Hence  he  speaks  of 
red  molecules,  green  molecules,  etc.  Again,  the  walls  of  the  visual 
cells  receive  the  terminal  fibrils  of  the  visual  nerves,  and  these  are 
the  true  end-organ  of  vision.  Each  fibril,  like  each  molecule  of  the 
visual  substance,  is  tuned  to  only  one  kind  of  light  stimulus,  and  thus 
the  author  makes  each  visual  cell  so  far  comparable  to  the  cochlea, 
in  that  it  performs  the  function  of  analyzing  each  stimulus  into  its 
components,  and  is  capable  of  receiving  stimuli  from  every  part  of  the 
color  scale.  When  light  reaches  the  retina  the  molecules  of  the  visual 
substance  are  set  in  motion.  Only  those  are  affected  which  correspond 
to  the  component  rays  of  the  incident  light.  They  pass  by  osmosis 
through  the  wall  of  the  visual  cell,  and  in  doing  so  set  up  impulses 
in  the  nerve  fibrils  which  terminate  there,  the  red  molecules  stimu- 
lating red  fibrils,  the  yellow  molecules  the  yellow  fibrils,  and  so  on. 
Thus  synthesis  of  the  color  stimuli  is  once  more  brought  about.  The 
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exliausted  molecules,  which  are  now  outside  of  the  cells,  find  their  way 
forward  and  by  osmosis  enter  the  cells  of  regeneration,  where,  under 
tlie  influence,  of  light  and  in  the  presence  of  a catalytic  substance 
contained  in  these  cells,  they  are  once  more  rendered  sensitive,  and 
pass  back  into  the  interior  of  the  visual  cells.  The  photochemical 
changes  accompanying  the  act  of  illumination  are  of  a sudden  char- 
acter, a sudden  unloading  of  accumulated  energy  from  the  molecules 
of  the  visual  substance,  but  the  re-accumulation  of  fresh  energy,  or 
restoration  of  exhausted  molecules,  is  a slower  process.  So  long  as 
unregenerated  molecules  are  present  in  the  cells  they  either  cause 
persistence  of  their  stimulus  (positive  after  image),  or  they  block 
out  rays  of  the  corresponding  color  from  incident  white  light,  and 
lead  to  the  appearance  of  complementary,  or  negative,  after-images. 

To  the  question,  “What  is  white?”  the  author  replies  that  it  is  a 
purely  subjective  thing,  the  combined  sensation  produced  by  all  the 
rays  of  tl^e  solar  spectrum  to  which  our  eyes  are  sensitive.  Conven- 
tionally, we  call  an  object  white  when  the  rays  from  it  stimulate 
all  the  elements  of  our  visual  apparatus.  If  all  our  eyes  have  the 
same  capacity,  then  we  all  mean  the  same  thing  when  we  say  “White.” 
But  it  is  not  necessarily  so.  If  red  perception  is  absent  the  individual 
will  still  call  sunlight  white,  while  it  really  consists,  for  him,  of  all 
the  rays  from  orange  to  violet,  which  in  combination  will  give  a 
color  mixture  complementary  to  red.  Again,  if  a normal  eye  sud- 
denly lose  the  power  of  seeing  red,  white  light  will  have  a blue- 
green  appearance.  These  considerations  are  used  to  explain  the 
phenomena  of  color-blindness,  and  to  show  their  intimate  relation 
to  complementary  after-images.  To  explain  the  anomalous  colored 
after-images  which  result  from  over  illumination  and  under  illumina- 
tion, and  the  color  sensations  resulting  from  the  rotation  before  the 
eyes  of  black  and  white  sectors,  we  are  asked  to  assume  that  the  red 
molecules  of  the  visual  substance  are  large,  and  the  violet  molecules 
small,  those  of  the  intervening  colors  being  of  intermediate  sizes,  so 
that  the  different  molecules  have,  as  it  were,  varying  inertias,  and 
behave  differently  according  to  the  intensity  of  illumination.  In  the 
light-adapted  eye  the  cells  of  regeneration  become  filled  with  mole- 
cules awaiting  regeneration.  Any  light  falling  upon  the  retina  will 
be  largely  used  up  in  the  restoration  of  energy  to  the  exhausted  mole- 
cules, and  very  little  of  it  will  reach  the  visual  cells. 

In  discussing  the  way  in  which  light  waves  come  to  be  represented 
finally  by  nerve  impulses,  the  author  makes  the  suggestive  statement 
that  we  are  not  dealing  here  with  actual  transformations  of  light 
energy  into  chemical  energy,  and  of  this  into  nerve  energy,  but  that 
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the  state  of  affairs  is  more  nearly  comparable  to  what  happens  in  a 
telegraphic  s^'stem  comprising  a number  of  relays.  The  stimulus 
arriving  at  a given  point  is  not  converted  into  a new  form,  but  merely 
sets  up  a change  in  a self-contained  energy-system  or  circuit.  Thus, 
he  describes  three  such  energjxsy stems  in  the  visual  process,  (1)  the 
optico-phj'sieal,  comprising  the  energy  of  the  light  rays  which  reach 
the  retina;  (2)  the  photo-chemical,  or  the  energy  changes  which  occur 
in  the  visual  substance;  and,  (3)  the  physiologico-chemical,  which 
has  its  seat  in  the  nerve  end-apparatus.  Between  these  systems  there 
is  no  actual  transference  of  energy,  but  the  first  acts  to  the  second, 
and  the  second  to  the  third,  like  the  spark  that  fires  the  train  of 
powder.  Some  such  assumption  seems  necessary  to  explain  the  fact 
that  there  is  no  fixed  or  invariable  relation  between  the  strength  of 
the  stimulus  and  the  intensity  of  the  resulting  sensation. 

In  the  second  communication  Thierfelder  deals  with  the  formation 
of  visual  concepts.  He  begins  with  the  statement  that  not  only  is 
every  psychical  process  associated  with  a parallel  physiological  one, 
i^ut  the  reverse  holds  good,  namely  that  every  physiological  event, 
for  example  in  the  visual  nerve  fibres,  has  its  corresponding  psycho- 
logical event.  Visual  sensations  normally  take  their  origin  in  a change 
in  the  visual  cells  of  the  retina  which  sets  up  a centripetal  change 
in  the  nerve  fibres.  The  nerve  change,  however,  may  be  set  up  at 
the  central  end,  and  may  travel  towards  the  periphery  where  it 
excites  activity  in  the  visual  cells.  This  will  lead  to  a psychical 
change  which  will  not  differ  essentially  from  that  caused  by  a stimu- 
lus which  came  originally  from  the  periphery.  In  the  formation  of 
a visual  picture  there  are  two  distinct  factors,  namely,  the  external 
impression,  and  the  internal  excitation.  In  all  normal  circumstances 
these  two  are  usually  combined,  but  under  certain  conditions  they 
may  act  independently.  For  example,  the  visual  impressions  received 
by  the  infant,  by  one  who  acquires  the  faculty  of  vision  at  a late 
date,  or  by  an  adult  staring  before  him  in  a state  of  absent-minded- 
ness, must  be  supposed  to  be  the  result  of  the  external  stimulus  alone: 
while  dream  pictures  and  visual  hallucinations  are  purely  derived 
from  a central  excitation.  To  the  first  of  these  the  author  applies 
the  term  “pa.ssive,”  and  to  the  second  the  term  “active”  sensations. 
In  bringing  about  an  active  sensation  the  stimulus  from  the  centre 
must  reach  the  visual  cells  of  the  retina,  and  there  set  up  the  changes 
corresponding  to  tho.se  in  a passive  sensation.  The  picture  which 
results  will  be  exactly  the  same  as  the  corresponding  passive  picture, 
if  the  nerve  and  the  sense  apparatus  are  excited  to  the  same  degree. 
Such  perfection  of  the  picture,  including  color  as  well  as  form,  is  only 
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observed  in  exceptionally  vivid  dreams  of  hallucinations.  Usually 
“active”  pictures  are  merely  pale  counterfeits  of  the  original  im- 
l)ressions.  They  have  an  “inward”  quality,  but  appear  more  outside 

the  observer  the  more  distinct  they  are. 

To  explain  how  the  stimulation  of  a large  number  of  separate  hbres 
leads  to  the  production  of  a combined  picture,  the  author  thinks  it 
necessary  to  assume  a cross  connection  in  the  nerve  between  all  the 
fibres  which  take  part  in  the  conveyance  of  the  impulses  concerned 
in  the  formation  of  a visual  concept.  With  each  repetition  of  the 
sam^  image,  the  bond  between  the  fibres  of  such  a system  becomes 
so  confirmed,  that  if  one  part  of  the  system  is  stimulated  the  whole 
is  stimulated.  For  example,  if  one  sees  only  half  of  a known  object 
the  picture  is  “activelv”  completed.  After  a time  an  active  picture 
can  be  at  any  time  called  up  by  an  internal  stimulus,  but  obviously 
the  passive  sensation  must  first  be  received,  and  the  system  of  asso- 
ciated fibres  developed. 

Ballantyne  ends  his  careful  analysis  of  Thierf elder  s second  essay 
by  remarking  that  in  his  enthusiasm  for  his  theory  the  author  seems 
to  imat^ine  thaf  he  has  explained  all  the  phenomena  of  visual  memory, 
the  production  of  visual  i.npressions,  and  a good  deal  more.  He 
remarks  for  instance,  that  “with  such  an  arrangement  of  the  nervous 
apparatus  as  that  here  pictured,  the  apparently  unlimited  power  ot 
forming  concepts  need  no  longer  astonish  us,”  and  in  another  ifiace, 
that  the  formation  of  a mental  picture  as  the  result  of  the  simul- 
taneous excitation  of  a number  of  nerve  fibres  is  no  more  wondertu 
than  the  occurrence  of  movement  when  a certain  system  of  motor 
fibres  is  stimulated.  Tt  does  not  seem  to  the  reader  that  his  ex- 
planation carries  us  very  far. 

Learmng  to  see.  Studies  in  this  most  interesting  phase  of  the 
Dsvchologv  of  vision  have  already  been  discussed  in  this  Encyclopedm, 
and  the  reader  is  especially  referred  to  p.  1135,  Vol.  II,  and  to  p. 
7028  Vol.  IX.  In  addition  to  the  material  there  provided  reference 
may  be  made  to  the  essay  of  Moreau’s  {Amwles  d’Oculistique,  Feb., 
1913)  account  of  the  post-operative  history^  of  a case  of  congenital 
cataract.  At  8 years  of  age  the  boy’s  left  eye  was  operated  upon 
the  cataractous  lens  being  removed  with  its  capsule.  Ihe  power  o 
visual  interpretation  came  with  extreme  slowness.  _ It  was  some  time 
before  he  showed  any  tendency  to  turn  his  head  in  the  direction  of 
objects  upon  which  the  light  was  thro^vn,  and  which  he  promptly 
recognized  by  his  sense  of  touch.  He  first  interpreted  perception 
of  the  light  reflected  from  luminous  objects  by  saying  it  burns. 

' At  first  he  was  entirely  without  visual  appreciation  of  movement, 
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which  apparently  impressed  him  merely  as  so  many  successive  alter- 
nations of  bright  and  dark  areas.  After  the  visual  notion  of  move- 
ment had  been  acquired,  some  time  elapsed  before  he  could  differ- 
entiate between  vertical  and  horizontal  movement.  In  three  weeks 
the  cataract  was  removed  from  the  second  eye.  Six  weeks  after  the 
first  operation  he  distinguished  red,  blue  and  yellow.  A key  he  esti- 
mated as  black  or  white  according  to  whether  it  was  turned  from 
or  towards  the  light.  He  was  particularly  fascinated  by  any  object 
which  had  an  imside  and  an  outside,  and  everything  thus  character- 
ized he  spoke  of  as  “a  box.”  A cap,  a saucepan,  or  a cup,  was  a box. 

Eleven  weeks  after  the  first  operation,  careful  study  of  the  binocular 
visual  fields  with  colored  test  objects  8 cm.  in  diameter  gave  the  fol- 
lowing results:  Red,  to  right  or  left  70  degrees,  up  60  degrees,  down 
25  (degrees;  yellow  and  green,  to  right  and  left  and  up  normal,  down 
30  degrees.  The  boy’s  mental  evolution  closely  followed  his  visual 
education.  After  a period  of  two  months  he  had  reached  a confused 
perception  of  space.  He  played  ball  on  the  floor  with  an  orange, 
but  at  the  moment  of  seizing  this  or  other  objects  he  closed  his  eyes, 
relying  on  touch  rather  than  on  sight. 

Attempts  to  teach  him  to  read  were  only  partly  successful.  He 
learned  the  letters,  and  went  so  far  as  being  able  to  spell  syllables. 
But  he  failed  to  coordinate  syllables  into  words  or  words  into  a repre- 
sentation of  spoken  languages.  After  being  for  fifteen  months  under 
the  observation  of  Moreau  and  of  a Catholic  sister,  who  devoted  a 
great  part  of  her  time  to  him,  he  returned  to  his  home  in  the  country. 
A year  later  he  was  visited  by  the  physician,  who  found  that  he  had 
forgotten  his  letters.  Moreau  concludes  by  reminding  us  that  re- 
moval of  cataracts  from  the  eyes  of  a patient  born  blind  does  not  at 
once  enable  him  to  see  the  external  world.  Education  is  of  supreme 
importance. 

Psychic  development  of  vision.  A woman  of  22  years,  whose  history 
is  recorded  by  Grey  and  Emerson  {Ophthalmic  Year  Book,  p.  265, 
1913),  underwent  an  operation  for  removal  of  what  proved  to  be  an 
endothelioma  of  the  right  parietal  cortex.  She  had  previously  been 
remarkably  deficient  in  visual  imagination,  being  incapable  even  of 
calling  to  mind  the  appearance  of  persons  and  objects  with  which  she 
had  been  intimately  a.ssociated.  After  removal  of  the  tumor  she 
promptly  developed  very  keen  visualizing  power,  including  the  ability 
to  form  mental  images  of  objects  not  seen,  but  described  in  print. 
She  also  began  to  have  visual  dreams,  although  formerly  her  dreams 
had  been  limited  to  images  of  the  motor,  auditory  and  tactile  types. 

Psychology  of  traumatic  amblyopia.  A contribution  to  this  sub- 
ject is  found  in  a paper  by  J.  H.  Parsons  (Lancet,  April  3,  1915). 


10436 


PSYCHOLOGY  OF  THE  EYE 


In  “shell  shock”  many  cases  are  free  from  any  definite  organic 
lesion  in  the  eye  or  visual  paths.  The  histoiy  of  a typical  case  is 
briefly  as  follows: 

A man  after  more  or  less  prolonged  fatigue,  induced  by  marching 
and  exposure  in  the  trenches,  is  incapacitated  by  the  explosion  of  a 
shell  in  his  immediate  vicinity.  He  may  be  merely  knocked  down  or 
thrown  into  the  air,  or  more  or  less  seriously  injured  or  wounded 
by  concussion,  shrapnel,  bullets,  or  shell  splinters.  Consciousness  is 
lost  for  a variable  time,  but  often  not  so  far  as  to  prevent  automatic 
movements,  so  that  the  man  may  walk  in  a dazed  condition  to  a dress- 
ing station.  The  mental  equilibrium  at  this  stage  is  much  disturbed, 
and  all  memory  of  this  phase  is  usually  lost.  The  most  striking 
feature  of  the  case  is  that  the  man  is  instantaneousl}’-  struck  blind. 
The  blindness  may  be  associated  with  deafness,  loss  of  smell  and 
loss  of  taste,  but  all  these  are  less  frequent  than  the  blindness.  On 
examination  it  is  found  that  there  are  intense  blepharospasm  and 
laehrymation. 

The  lids  are  opened  with  gi’eat  difficulty  and  examination  of  the 
eyes  is  almost  impossible.  The  writer  is  not  aware  of  any  record  of 
the  condition  of  the  pupils  at  this  stage.  In  the  course  of  a w^eek 
or  two  the  blepharospasm  diminishes  and  it  becomes  possible  to  ex- 
amine the  fundi.  Of  course,  there  may  be  local  injury  to  the  eye, 
but  in  uncomplicated  cases  the  eyes  are  found  to  be  normal.  The 
pupils  react  to  light,  though  in  some  cases  the  reactions  are  sluggish, 
and  sometimes  one  pupil  differs  from  the  other,  befng  larger,  or  more 
sluggish  in  its  reactions.  The  fundi  appear  to  be  absolutely  normal. 
By  this  time  probably  some  restoration  of  sight  has  occurred.  Light 
is  perceived  and  large  objects  may  be  distinguished.  As  improvement 
occurs  the  patient  manages  to  grope  about,  usually  with  his  hands  out- 
stretched before  him,  and  it  is  noteworthy  that  he  does  not  usually 
stumble  up  against  objects  in  his  path.  As  soon  as  it  is  possible  to 
take  the  fields  of  vision  it  is  found  that  they  are  markedly  contracted, 
and  that  indeed  to  a degree  which  seems  scarcely  consistent  with  the 
avoidance  of  obstacles  in  walking. 

Parsons  notes  that  recovery  of  vision  is  slow,  but  eventually  it 
seems  always  to  be  complete.  In  the  latter  stages  he  has  had  cases 
in  which  the  right  eye  is  more  affected  and  recovers  more  slowly  than 
the  left.  It  may  recover  to  the  extent  of  having  only  a central 
scotoma,  though  this  may  reduce  the  visual  acuity  to  6/60  or  less. 
By  perseverance  and  encouragement  the  patient  may  be  induced  to 
read  a few  lines  of  the  t3q)es,  and  in  some  instances  the  manipulation 
of  weak  plus  and  minus  lenses  has  led  to  the  full  6/6  being  read. 
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There  are  several  suspicious  symptoms  in  many  such  cases.  The 
eye  to  recover  last  is  often  the  shooting  eye.  Some  patients  show  an 
obvious  disinclination  to  return  to  duty.  Some  candidly  admit  to 
being  in  a “blue  funk.”  In  all  there  has  been  a complete  mental 
upset,  sometimes  accompanied  by  hysteric  symptoms — outbursts  of 
weeping,  etc.,  in  the  early  stages.  These  features  render  it  only  too 
cas}'  to  jump  to  the  conclusion  that  there  is  often  a large  element 
of  shamming  in  the  case.  It  is  because  there  is  veiy  grave  danger  of 
cruel  injustice  being  done  to  men  who  have  faced  the  music  and 
come  battered  out  of  the  ordeal  that  Parsons  attempts  an  explanation 
of  the  underlying  psychology. 

In  the  first  place  it  is  necessary  to  segregate  these  cases  from  allied 
conditions  due  to  organic  lesions  or  to  malingering.  It  is  not  always 
easy  to  eliminate  organic  lesions  of  the  type  which  causes  so-called 
retrobulbar  neuritis.  It  is  still  less  easy  to  eliminate  malingering,  but 
as  this  depends  upon  a knowledge  of  the  psychology  of  the  individual, 
it  forms  a prime  object  of  the  following  discussion.  Since  there  is  no 
demonstrable  organic  lesion  these  cases  may  be  regarded  as  examples 
of  injuries  or  wounds  of  consciousness.  This  does  not  imply  that 
there  is  no  neural  lesion  to  account  for  the  psychologic  disorder,  but 
merely  that  it  had  hitherto  escaped  observation.  Parsons  adopts  the 
view  of  parallelism  between  physiologic  neural  processes  and  psycho- 
logic events  or  changes  in  consciousness. 

The  writer  .says  that  as  regards  the  t.>T)e  to  which  the  group  under 
consideration  belongs,  it  may  be  admitted  that  the  disorder  of  the 
con.scious  processes  varies  with  the  nature  and  severity  of  the  injury, 
and  with  the  organization  of  the  individual’s  character.  Of  these 
the  latter  is  by  far  the  more  complex. 

lie  adds  that  in  the  ca.se  of  a soldier  under  shell  fire  tlie  man  is 
usually  bodily  fatigued,  whereby  his  control  is  impaired.  He  lias 
“the  fear  of  death  before  his  eyes”  and  is  in  a state  of  acute  excite- 
ment, whereby  his  normal  judgment  is  impaired.  These  con'ditions 
conspire  to  give  his  innate  instincts  ungoverned  play.  On  the  other 
hand,  positive  self-feeling,  aided  by  suggestion  and  imitation  and 
the  sentiments  of  patriotism,  the  honor  of  the  regiment,  his  own 
honor  and  so  on,  enforce  his  volitional  control.  At  last,  however,  the 
shock  comes  which  strikes  him  uneon.scious.  It  is  not  to  be  supposed 
that  he  is  thereby  anesthetized  to  these  emotional  storms.  It  is  rather 
to  be  conjectured  that  he  is  rendered  “subconscious,”  and  henc('  the 
more  a victim  of  his  lower  in.stincts.  This  view  is  supported  by  the 
emotional  behavior  of  the  men  in  the  early  stages,  and  by  the  fact 
that  many  of  their  actions  can  be  revived  by  hyjuiosis. 
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The  unconsciousness  in  these  eases  is  to  be  explained  physiologically 
by  an  abrogation  of  the  functions  of  the  highest  level  cortical  cells. 
Recovery  shows  that  the  cells  are  not  irretrievably  damaged,  and  it 
is  most*  likely  that  the  block  occurs  on  the  afferent  paths  at  the 
synapses  of  these  cortical  cells.  Consciousness  returns,  but  there  is 
blindness.  So  far  as  objective  evidence  goes,  the  lower  visual  paths 
are  intact  and  function  normally.  The  optic  nerves  carry  their  im- 
pulses, at  any  rate,  as  far  as  the  pupil  reactions  are  concerned.  The 
condition  resembles  uremic  amaurosis.  Parsons  has  seen  it  also  in 
children  after  post-basic  meningitis.  The  block  is  somewhere  above 
tlie  so-called  primary  optic  centers — external  geniculate  bodies,  optic 
thalami  and  superior  colliculi.  It,  too,  is  probably  in  the  synapses 
of  the  cortical  colls,  in  this  case  the  synapses  of  the  fibers  of  the  optic 
radiations.  Sometimes  such  a block  occurs  physiologically  and  it  is 
prolialdy  to  be  explained  in  the  same  manner. 

Though  in  the  ca.ses  under  special  consideration  there  can  be  little 
doubt  that  the  early  loss  of  vision  has  a definite  neural  basis,  it  must. 
Parsons  thinks,  be  conceded  that  in  the  later  stages  the  neural  basis 
is  of  that  undefined  nature  which  we  associate  with  so-called  (func- 
tional) conditions.  In  other  Avords,  it  is  neurotic,  but  it  is  not 
“shamming.” 

The  treatment  consists  largely  in  attempting  to  stimulate  voli- 
tional control  of  the  various  emotions  by  suggestion,  active  sym- 
pathy, etc.  As  regards  therapeutic  measures,  it  should  be  remem- 
bered that  fright  causes  great  exhaustion  of  the  suprarenal  glands. 
See,  in  this  connection.  Psychotherapy. 

Psychoses,  Ocular.  IMental  disorders  showing  themselves  chiefly  in 
hallucinations  (and  sometimes  in  delusions)  of  vision.  See  p.  5688, 
Vol.  Vlll,  of  this  Encyclopedui:  These  conditions  have  already  been 
discussed  under  various  other  rubrics,  such  as  Hysteria,  Neurol- 
ogy of  the  eye,  Psychology  of  the  eye,  and  elsewhere.  See,  also. 
Delirium,  p.  3808,  Vol.  V ; as  well  as  the  paragraphs  on  post-operative 
delirium,  and  other  psychic  disturbances  at  the  end  of  Cataract, 
Senile. 

As  shown  by  W.  L.  Benedict  {Annals  of  Ophthalmology,  April, 
1914)  an  examination  of  the  omdar  condition  of  psychopathic  individu- 
als reveals  a relationship  between  the  psychosis  and  certain  changes  in 
the  eye.  A knowledge  of  such  relationshii)  serves  as  a valuable  aid 
to  both  psychiatrist  and  the  oidithalmologist  in  the  diagnosis  and 
prognosis  of  many  brain  lesions.  Owing  to  the  close  relation  of  the 
•eyes  to  the  brain  extensive  pathologic  changes  in  the  brain  are  at- 
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tended  with  elianges  in  the  optic  nerve,  retina  and  tlie  visible  circula- 
tion of  the  retina  and  nerve.  Benedict  gives  the  result  of  liis  ex- 
amination of  the  fundus  oculi  in  100  unselectcd  cases  of  psychoses 
and  tabulates  the  results.  These  eases  he  divides  into  four  groups; 

1.  Psychoses  due  to  or  accompanied  by  organic  brain  diseases.  2. 
Imbeciles  and  epileptics.  3.  Dementia  prtecox.  4.  Functional  psy- 
choses. 

The  first  group  consisted  of  thirty-five  cases;  fundus  noimial  in  14. 
The  second  group  consisted  of  five  cases:  fundus  normal  in  four. 
The  third  group  consisted  of  fifteen  cases:  fundus  normal  in  eleven. 
The  fourth  gi*oup  consisted  of  fifty-two  cases:  fundus  normal  in 
twenty-six. 

In  the  first  group  eight  wei’e  cases  of  general  paralysis,  in  five  of 
which  the  fundus  was  normal,  while  two  showed  a neuroretinitis, 
the  remaining  one  showed  evidence  of  old  eyclitis.  All  these  cases  had 
a positive  Wasserraann  reaction. 

Tyson  and  Clark  claimed  to  have  found  fundus  changes  in  100  per 
cent,  of  their  cases  of  dementia  prsecox  but  Benedict  is  quite  unable 
to  confirm  this.  It  is  obvious  that  in  this  connection,  where  it  is  a 
question  of  slight  congestion  or  pallor,  the  personal  equation  of  the 
observer  counts  for  a good  deal. 

Benedict  sums  up  his  results  as  follows : — 

1.  Well  defined  disorders  from  extensive  morbid  conditions  may 
exist  for  some  time  without  change  in  the  ophthalmoscopic  pictures 
of  the  eye  grounds. 

2.  Cases  of  dementia  prsecox,  either  slowly  developing  or  rapidly 
deteriorating,  show  no  as.socjated  disc  changes  peculiar  to  this  condi- 
tion, but,  on  the  other  hand,  show  a higher  percentage  of  normal  fundi 
than  either  the  organic  or  functional  gi-oup  of  psychoses. 

3.  In  functional  psychoses  there  is  no  definite  association  between 
the  mental  disorder  and  the  ophthalmoscopic  picture  of  the  eye 
grounds. 

Park  Lewis  {Annals  of  Ophthalmology,  April,  1914;  review  in  Oph. 
Revieiv,  p.  24,  Jan.,  1915)  desci’ibes  especially  the  p.syehic  (ocular) 
disturbances  in  certain  hysterical  cases.  Case  one  was  that  of  a 
little  girl  ten  years  of  age  who  became  suddenly  quite  blind  after 
having  her  refraction  corrected.  She  had  a considerable  amount  of 
hypermetropia  and  one  eye  was  amblyn])ie.  When  first  wearing  the 
glasses  she  complained  she  could  not  see  distinctly  with  either  eye 
and  the  father  then  exclaimed  that  she  was  going  blind,  which  sug- 
gestion was  promptly  acted  upon  by  the  child.  When  seen  by  the 
author  she  declared  .slic  could  not  distinguish  light  from  darkness, 
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but  there  was  no  lesion  in  the  eye  and  the  pupillary  reflexes  were  nor- 
mal. Under  simple  suggestive  treatment  vision  was  restored  in  three 
weeks. 

Case  two  was  very  similar,  the  patient  being  a girl  of  fifteen  who 
in  consequence  of  the  recent  loss  of  her  father  was  suddenly  called 
upon  to  assist  largely  in  the  maintenance  of  her  family.  In  this 
case  there  was  a history  of  extensive  and  frequent  nasal  hemon-hage 
without  any  discoverable  cause.  In  the  right  eye  there  was  a small, 
black,  pigmented  patch  near  the  macula.  This  patient  also  rapidly 
recovered  her  vision  on  being  reassured  that  her  employer  was  in- 
terested in  her  welfare. 

Case  three  was  a girl  of  twenty  who  suffered  from  intense  photo- 
phobia and  blepharospasm,  so  that  she  was  unable  to  bear  the  slightest 
natural  or  artificial  light.  Unfortunately  she  had  met  with  injudi- 
cious treatment,  being  kept  for  months  in  a dark  room.  This  con- 
dition had  lasted  for  four  years.  With  great  difficulty  the  eyes 
were  examined  and  with  the  exception  of  a small  amount  of  astigma- 
tism were  found  perfectly  normal.  General  examination  showed  that 
she  had  a floating  kidney.  She  was  fitted  with  a support  for  this 
and  with  a pair  of  glasses  to  correct  her  astigmatism.  She  was  then 
encouraged  to  use  her  eyes  and  not  to  protect  them  from  the  light. 
She  soon  made  a perfect  recovery. 

Case  four  avuis  that  of  a girl  of  sixteen  who  was  living  in  a state  of 
fear  with  an  insane  mother.  She  Avas  attending  the  hospital  for  an 
angry,  abraded  ulcer  on  the  .skin  in  the  corner  of  her  left  eye  AAfiiich 
did  not  improve  under  treatment.  After  the  I'emoval  of  her  mother 
to  the  asylum  and  the  girl  being  placed  under  proper  care  the  ulcer 
•immediately  healed. 

Case  five  is  of  great  interest  and  reported  at  considerable  length. 
It  concerns  a man,  Avhose  age  is  not  stated,  AAdio  had  suffered  from  a 
slight  injury  to  the  left  eye  from  a piece  of  cinder.  The  persistent 
pain  after  this  led  the  physician  in  charge  to  make  a diagnosis  of 
glaucoma  and  as  the  pain  Avas  not  at  all  relieved  by  the  use  of 
strong  solutions  of  e.serine  the  author  AA^as  called  in  Avith  the  view  of 
operating.  Ever  since  the  accident,  Avhich  Avas  then  a year  old,  the 
patient  had  been  unable  to  work  and  three  months  before  the  author 
saAv  him  had  suffered  from  right  hemiplegia. 

When  examined  the  vision  in  both  eyes  Avas  found  normal  and 
there  Avas  no  change  in  the  fundus.  The  vi.sual  color  fields  Avere 
inverted.  A careful  neurological  examination  Avas  made  and  it  Avas 
decided  that  the  hemiparesis  from  which  he  was  still  suffering  Avas 
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of  functional  nature.  On  being  reassured  and  advised  that  nothing 
was  going  wrong  with  his  eyes  he  made  a rapid  recovery. 

Case  six  was  a patient  who  had  suffered  from  a severe  nervous 
breakdown  with  athenopia  and  intense  agarophobia.  He  was  found 
to  be  suffering  from  nasal  obstruction  due  to  enlarged  middle  tur- 
binates. When  these  were  removed  his  other  symptoms  rapidly  im- 
proved. 

As  Park  Lewis  points  out,  if  any  of  these  cases  had  come  under 
some  of  the  various  faith-healing  systems  they  would  have  been  im- 
mediately claimed  as  marvellous  successes. 

The  author  acknowledges  his  indebtedness  to  Pansier ’s  monograph 
on  the  eye  in  hysteria  for  several  of  the  facts  recorded  in  his  sum- 
ming up  of  the  conditions  that  are  to  be  found  in  hysteric  eye  affec- 
tions. Amongst  these  he  gives  first  place  to  abnormalities  of  the  visual 
color  fields.  Next  come  modifications  of  the  sensibilities  of  the  ocular 
region.  A noteworthy  point  in  this  connection  is  that  in  spite  of  the 
apparent  insensibility  of  the  conjunctiva,  excitation  of  this  membrane 
will  produce  an  abundant  flow  of  tears.  The  secretion  is  produced 
rather  more  slowly,  however,  than  in  the  normal  eye. 

Hysterogenic  zones  are  of  two  kinds,  those  that  produce  a spas- 
modic action  and  those  which  produce  a lethargic  condition. 

To  detail  all  the  symptoms  produced  by  hysteria  in  the  eye  is  un- 
necessary, but  particular  attention  should  be  drawn  to  those  cases, 
seen  usually  in  unmarried  women  who  are  no  longer  young,  and  des- 
cribed by  Bonders  as  painful  accommodation.  With  this  condition 
we  are  all  only  too  familiar.  Perfectly  healthy  eyes  in  which  the 
slightest  attempt  at  work  is  followed  by  violent  pain  in  the  head, 
photophobia,  burning  of  the  lids,  etc.,  in  which  no  ophthalmic  treat- 
ment is  of  any  use. 

Psychotherapy.  Mental  treatment.  Suggestion.  Hypnosis.  Hyp- 
notic SUGGESTION.  See  Hypnotism,  p.  6112,  Vol.  VIH  of  this  Encyclo- 
pedia. 

The  w'ord  “psychotherapy”  has  recently  come  into  widespread 
use  in  the  United  States,  as  a comprehensive  term  to  include  all  en- 
deavors to  further  mental  and  physical  well-being  by  influencing  the 
mental  life.  While  the  attention  of  American  physicians  and  psychol- 
ogists has  been  attracted  to  the  subject,  and  these  have  devoted  special 
efforts  in  recent  years  to  advancing  the  scientific  understanding  of 
the  psycho-]ihysiological  problems  involved  and  to  the  improvement 
of  psycho-therapeutic  procedure,  interest  in  what  is  usually  called 
the  influence  of  the  mind  over  the  body  has  expressed  itself  to  a 
peculiar  degree  in  America  in  various  popular  movements  which 
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have  aimed  at  putting  this  influence  into  practical  service.  Its  scope 
has  thus  been  enlarged  to  denote  a branch  o£  therapeutics. 

In  seeking  health  by  psychotherapy  it  is  essential  to  teach  peop  e 
to  live  more  wisely,  more  actively,  and  with  a serener  outlook,  to 
strengthen  the  power  of  self-control,  of  concentration,  of  iiiitiative,  o 
sympathy.  It  has  been  recognized  that  nervous  ailments,  especia  y 
psyctoneuroses,  are  very  common,  and  are  not  i.eccssanly  conhned 
to  those  who  are  considered  sick.  Disorders  ot  the  highest  tacult  cs 
of  the  personality,  modifications  of  consciousness,  weakness  ot  judg- 
ment, impairment  of  self-control,  obsessions  and  fixed  ideas  of  al 
sorts,  anxieties,  fears,  morbid  impulses,  and  a perversion  of  the  high- 
est ethical  and  social  feelings  are  varieties  of  psychoneuroses  which 
are  accompanied  by  physical  symptoms,  and  have  their  causation 
primarily  in  the  realm  of  the  mind,  and  should  be  attacked  from 
the  mental  side.  The  teachings  of  those  chiefly  identified  with  the 
progress  of  psychotherapy  as  a science  and  a true  healing  art  in  Araei- 
ica  bear  especially  upon  the  treatment  of  this  group  of  nervous  dis- 
orders, and  often  verge  closely  upon  education  and  ethical  instruc  ion. 

Preachers  and  educators,  as  well  as  physicians,  have  in  such  cases 
found  help  in  psychotherapy.  In  the  so-called  Emmanuel  movemen 
an  attempt  was  made  to  place  cooperation  between  the  physician  anc 
tihe  clergyman  on  a systematic  basis.  It  was  begun  b,v  the  Rev. 
Elwood  Worcester  in  his  church,  Emmanuel  (Protestant  Episcopal), 
Boston  in  November,  1906,  as  a “class  for  the  treatment  of  nervous 

disorders,”  and  had  an  advisory  ' f -Z' own 

this  church  had  numerous  imitators,  within  and  outside  of  . 

denomination,  who  adopted  its  methods  in 
movement  soon  provoked  much  controversy.  A ai„e  _ . 
suited  in  part  centering  about  the  leading  publication  of 
cester’and  his  associates.  Religion  and  Medicim,  The  Moral  ConUol 
of  Nc-vous  Disorders/  This  book  cpiickly  ran  into  several  large  edi- 
tions and  was  followed  by  other  publications  of  ^«‘ch- 

Eiiiinanuel  form  of  psychotherapy  was  officially  described  as  moial 
and  religious  re-education.”  While  it  employed  suggestion  in  the 
wakinir  state  and  in  rare  ca.ses  under  hypnosis,  it  relied  chiefly  upoi 
efforts  to  guide,  strengthen  and  enlighten  the  patient  j 

of  moral  and  religions  teaching.  A reaction  as  the  result  of  the  cr  t- 
icisni  that  had  heon  aroused  came  soon  after  the  inovemeii  lai 
attracted  wide  attention,  inodifieation  teniling  tovvaia  greater  con- 
servatism having  already  been  made  by  Einnianuel  Church  lu  Jan- 

“'"wiiiirtfic  "ork  p£  I)r.  Worcester  yvas  based  in  its  inspiration  more 
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immediately  upon  the  teachings  of  Dr.  Paul  Dubois,  of  Berne,  whose 
book,  in  its  English  translation,  is  called  The  Psychic  Treatment  of 
Nervous  Disorders,  it  was  unavoidable  that  its  special  origin  should  be 
associated  with  the  activity  of  believers  in  Christian  Science  and  in 
New  Thought  in  spreading  the  doctrine  of  the  power  of  the  mind  over 
bodily  conditions,  and  in  insisting  upon  the  effectiveness  of  a hopeful, 
confident  frame  of  mind  in  the  maintenance  of  health.  While  un- 
scientific, and  therefore  open  to  the  charge  of  unsoundness,  the 
forms  of  psychotherapy  developed  under  the  influence  of  these  doc- 
trines have  had  an  exceedingly  large  vogue  in  America.  It  is  prob- 
ably also  true  that  the  prevalence  of  these  and  similar  cults  of  the 
same  general  motives  has  been  influential  in  stirring  the  medical  pro- 
fession to  the  new  activity  which  it  is  manifesting  in  this  direction. 

The  pioneer  in  America  in  the  development  of  psychotherapy  as  a 
method  of  medical  treatment  based  on  sound  psychology  was  S.  Weir 
Mitchell,  of  Philadelphia.  While  he  has  himself  used  other  terms, 
his  famous  “Rest  cure”  was  in  essentials  a highly  specialized  form 
of  psychotherapy.  Besides  rest  in  bed  it  included  the  psychothera- 
peutic features  of,  first  ‘ ‘ isolation,  ’ ’ and  second,  mental  and  moral 
“re-education.”  The  studies  of  Boris  Sidis  in  suggestion  and  of  Mor- 
ton Prince,  of  Boston,  in  dual  personality,  throwing  light  upon  the 
obscure  question  of  mental  “complexes”  which  figure  as  a basic  phe- 
nomena in  the  obsessions  and  perversions  of  the  mind ; the  studies 
of  Professor  Jastrow,  of  the  University  of  Wisconsin,  in  the  sub- 
conscious; of  Professor  Hugo  Miinsterberg,  of  Harvard,  in  experi- 
mental psychology;  the  work  of  Dr.  Frederick  Peterson,  of  New 
York,  in  developing  the  psychotherapeutic  method  of  “psychoanaly- 
sis”; and  practical  applications  by  Dr.  Richard  C.  Cabot  and  Dr. 
James  J.  Putnam  are  among  the  notable  features  in  the  recent  devel- 
opment of  scientific  knoMdedge  I’egarding  psychotherapy,  and  in  its 
more  purely  medical  aspects  in  America. 

Dr.  Richard  C.  Cabot,  who  lays  much  stress  upon  the  educational 
side  of  psycliotherapy,  upon  wliat  he  has  called  the  “work  cure,” 
and  upon  habit  formation  and  eliaracter  building,  has  pointed  to  the 
writings  of  William  James  as  the  best  of  guides  in  psychotherapeutic 
efforts,  especially  in  those  wider  applications  to  ordinary  life  which 
this  word  has  found  in  American  usage.  His  phrase  the  “Religion 
of  healthy-mindedness,”  of  which  he  was  himself  a preacher,  serves 
to  convey  the  central  idea  underlying  this  development  of  psycho- 
therapy. Josiah  Royce  has  laid  stress  upon  the  part  a philosophic 
idealism  plays  in  the  establishment  of  a mental  attitude  which  is  con- 
ducive to  health,  and  finds  in  “Loyalty,”  to  causes,  a specific  for  the 
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restoration  of  much  mental  disorganization  with  attendant  physical 

benefit.  ( Stoaulut'd  Ei'ticyclopBdiQ-)  i i • 

The  following  disposition  of  this  method  of  treating  ophthalmic 
cases  was  made  by  the  late  D'Orsay  lleeht  and  the  Editor  of  a System 
of  OphtMlmic  Therapetttics,  p.  629,  in  dealing  with  this  caption 
Although  additional  iiientioii  might  be  made  of  psycho-therapy  in 
the  treatment  of  neurasthenic,  neurotic  and  hysterical  forms  of  ast  e- 
nopia,  dysopia  and  amblyopia,  it  was  felt  that  the  successful  psy_ 
cotherapist  is  born,  not  made;  it  he  does  not 

naturally  exercise  that  persuasive  control  over  his  patients  that  in  all 
a-es  has  been  more  or  less  detinitely  recognized  as  a valuable  curative 
aiet,  no  amount  of  printed  verbiage  will  furnish  it.  Moreover  a 
long-continued,  faithful  and  earnest  study  of  diseased  eyes,  piecedc 
by  a sufficient  consideration  of  the  anatomy , physio  ogy,  pa  o ogy 
and  therapy  of  the  organism  of  which  they  form  a small  but  ar 
from  negligible  portion,  is  the  best  foundation  for  that  mental  tieat- 
ment  which  most  patients  demand  and  many  require.  That  knowb 
edge  may  be  acquired  but  the  personality  of  the  ophthalmologist  is 
a factor  in  therapeutics  which,  although  of  prime  importance,  no 
book  or  books  can  do  much  to  modify,  backing  infinite  patience  a 
convincing  air,  an  evident  belief  in  his  own  powers  of  healing  and  a 
certain  kindly  sympathy  with  the  patient’s  troubles  the  physic  an 
well-equipped  professionally,  cannot  apply  his  reinedies  to  the  best 
advantage  and  may  not  hope  to  avail  himself  of  the  powers  inherent 

in  applied  hypnotism  and  suggestion.  ^ ^ • f nnW 

Of  course,  proving  oneself  to  be  suaviter  «i  modo  is  not  the  only 
passport  to  success  in  treating  the  increasing  proportion  of  neuras- 
thenic and  neurotic  eye  patients  that  crowd  our  wai  ing-rooms  but 
to  ignore  its  importance  is  to  drive  many  suftcrers  into  the  '“ks 
the  Osteopaths.  Christian  Scientists.  Mental  Healers.  New  Thought 
ct  hoc  genus  omne.  It  behooves  us,  then,  so  far  as  m us  lies,  to  tempei 
our  knowledge  with  what  wisdom  we  possess  or  may  acquii  e. 

A very  helpful  article,  discussing  the  foregoing,  is  that  ot  . . 

Eaton  (Ophthalmology,  p.  98,  Oct.,  1913.) 

Pterodactyl.  A remarkable,  extinct  winged  reptile,  the  remains  o 

which  are  met  with  in  the  Jurassic  and  Cretaceous 
numerous  forms  of  pterodactyls  which  are  included  ^ 

order  Ornithosauria.  Tiie  head  was  relatively  large  and  ^nout-l  ke, 
the  long  laws  lieing  furnished  with  simple  and  pointed  teeth,  im- 
Jante^in  separate  sockets.  The  orbit  and,  consequent  y,  the  eye- 
ball were  very  large,  the  sclerotic  having  the  avian-reptilian  ring  of 
bony  plates,  and  the  nostrils  approximated  to  the  orbits. 
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Pterospermum  suberifolium.  A plant  found  in  southern  India.  The 
flowers  are  used  in  migraine. 

Pteiygion.  (Obs.)  Varicose  excrescence  of  the  conjunctiva;  also,  the 
French  form  of  pterygium. 

Pterygium.  From  the  time  of  the  Ancients,  surgeons  have  been  inter- 
ested in  pterygium  and  its  operative  treatment,  and  it  would  seem 
almost  remarkable  that  a structure  so  small,  so  uniform  and  so  ap- 
proachable, should  have  accumulated  such  an  extensive  literature,  an 
amount,  it  might  be  said,  disproportionate  to  the  importance  of  the 
disease.  A careful  review  of  the  literature  will  show,  however,  com- 
paratively few  names  a.ssociated  therewith  by  reason  of  additional 
knowledge  of  importance  contributed  to  the  subject. 

Through  centuries  the  name  only  has  remained  constant,  the  etiol- 
ogy, anatomy,  pathology  and  therapy  having  undergone  various 
changes  and  revisions  until  the  present  day,  when  we  at  least  think  we 
understand  the  true  nature  of  the  condition. 

Of  Greek  derivation  the  name  pterygium  means  ‘ ‘ a little  wing  ’ ’ and 
has  reference  to  the  very  eharaeteristie  if  not  constant  appearance  of 
this  conjunctival  structure,  triangular  in  shape,  with  its  apex,  or  head, 
at  the  corneal  limbus  or  on  the  cornea,  and  extending  backward,  fan- 
shaped, to  become  lost  in  the  bulbar  conjunctiva  near  the  inner  or 
outer  canthus,  as  the  case  may  be.  The  true  pterygium  always  has  its 
origin  in  a pinguecula,  a theory  first  promulgated  by  Horner,  {Cor- 
respmdbl.  f.  Schweitzer  Aerzte,  1875,  p.  554)  and  later  established  by 
Fuchs  (Graefe’s  Archiv  fiir  Ophihalmologie,  XXXVII,  3 p.  143, 
1891;  and  Ueber  das  Peterygium,  ibid  XXXVIII,  2,  1892,  p.  1).  Ac- 
cording to  Parsons  {The  Pathology  of  the  Eye,  1,  p.  107,  1904.) 
Zehender  first  derived  pterygium  from  pinguecula,  but  gave  no 
proofs. 

It  is  therefore  only  to  be  found  on  the  nasal  or  temporal  aspect  of 
the  bulbar  conjunctiva  within  the  palpebral  fissure.  Similar  struc- 
tures placed  vertically  above  or  below,  which  have  been  occasionally 
noted  and  reported,  are  not  true  pterygia,  but  are  cicatricial  con- 
ditions more  of  the  nature  of  symblepharon,  and  were  better  nom- 
inated pterygoid  or  pseudo-pterygia. 

From  the  pinguecula  progress  is  made  forward,  and  an  attach- 
ment formed  at  the  corneal  limbus,  from  which  point  further  progress 
and  invasion  of  the  cornea  slowly  take  place  until  the  head  of  the 
pterygium  may  occupy  the  very  center  of  the  eornea,  or  even  pass  be- 
yond this  point.  The  conjunctiva  is  thus  passively  drawn  in  the  direc- 
tion of  the  advancing  head,  the  thickened  and  folded  conjunctiva 
known  as  the  body  of  the  pterygium,  with  its  diverging  margins  re- 
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senibliug  vGry  much  the  tail  of  a comet.  The  slightly  constricted 
portion  differentiating  tlie  head  from  tlie  body,  and  always  at  or 
over  the  limbus,  is  called  the  neck.  In  the  presence  of  a formed 
pterygium  the  pinguecula  has  disappeared.  Pterygium  is  therefore 
not  a new  growth,  but  an  overgrowth  and  displacement,  and  rear- 
rangement of  pre-existing  tissue. 

Primarily,  pterygium  always  attacks  the  nasal  side  of  the  eyeball ; 
not  infrequently  one  will  develop  on  the  temporal  side  later.  Yarr 
{Journal  of  Tropical  Medicine,  1,  6,  1899,  p.  155)  states  tliat  he  has 
never  seen  a single  temporal  pterygium.  He  believes  that  when  one 
exists  in  this  situation,  it  is  always  consecutive  to  one  on  the  nasal 
side  of  tile  same  eye.  Both  eyes  are  generally  affected,  although  not 
necessarily  at  the  same  time,  and  occasionally  the  same  individual  will 
have  four  pterygia. 

According  to  Saemi.sch  {Haudhuch  der  ges.  Aug enheilk unde,  V, 
1,  p.  417,  New  Ed.)  pterygium  is  twice  as  frequent  in  males  as  in  fe- 
males ; and  with  few  exceptions  an  individual  with  a formed  pterj-  - 

gium  has  reached  his  fortieth  year. 

That  pterygium  may  be  malignant  in  the  sense  of  being  progres- 
sively destructive,  is  evidenced  by  the  fact  alone  that  its  tendency  is 
to  advance  steadily  toward  the  pupillary  area  of  the  cornea  and  in  this 
way  to  destro}’’  vision.  Chisholm  {Medical  and  Surgical  Reporter, 
LVIII.,  1888,  p.  633)  for  example,  reported  three  cases  of  pterygium 
which  had  completely  covered  the  cornea,  one  of  which  extended  al- 
most to  the  opposite  limbus.  Similar  cases  have  also  been  recorded 
b}'  Ryerson  {Medical  Reco-rd,  XXXIX,  1891,  p.  536.) 

Cyst  formation  in  a pterygium,  cases  of  which  have  been  reported 
bj’^  de  Schweinitz  {Transactions  of  the  College  of  Physiocins,  Phila., 
XXXI,  1908,  p.  319)  and  by  Strachow  {Klin.  Montasblatter  f.  Augen- 
heilkunde.  May,  1908,  p.  563),  and  epitheliomatous  degeneration,  are 
changes  occasionally  noted.  X.  da  Costa,  of  Lisbon,  maintains  the 
possibility  of  epitheliomatous  transformation  of  the  head  of  the  ptery- 
gium, and  describes  two  cases  in  which  histologic  examination  showed 
a distinct  epitheliomatous  structure.  Throe  similar  cases  are  cited 
from  different  observers. 

Such  changes  not  only  complicate  the  operative  procedures  then 
nece.s.sary,  but  their  possible  occurrence  is  an  additional  argument  in 

favor  of  the  removal  of  any  pterygium. 

That  recurrence  will  at  times  follow  all  forms  of  pterygium  opera- 
tion has  been  the  experience  of  every  surgeon,  but  it  is  well  to  bear  m 
mind  the  observations  on  this  point  made  by  Czermak  and  Elschnig 
{Die  Angenarztliche  Operationen,  1907-1908.) 
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These  authors  state  that  the  really  active  part  of  a pterygium  is  the 
limbus  portion.  If  this  portion  be  carefully  removed  and  the  wound 
covered  with  conjunctiva,  there  can  be  no  true  recurrence.  The  con- 
junctiva may  form  here  a cicatricial  i)terygium  which  differs  materi- 
ally from  a true  pterygium,  and  especially  in  that  it  is  not  progi-essive. 

The  question  of  activity  in  a pterygium  is  a most  important  one, 
and  one  at  times  difficult  to  decide.  Classed  as  progressive,  and  sta- 
tionary, it  becomes  the  surgeon’s  duty  to  determine  first,  which  form 
is  being  dealt  with.  The  importance  of  this  lies  not  so  much  in  the 
simple  question  as  to  whether  or  not  to  O'perate,  for  it  is  proper  to  op- 
erate upon  any  pterygium,  for  cosmic  reasons,  and  for  the  relief  of 


Section  of  Pterygium.  (Johnston.) 


accom]3anyiug  chronic  conjunctivitis,  undue  a,stigmatism,  etc.,  but  if 
progressive,  operation  should  be  urged  as  imperative.  In  other  words, 
the  stationary  pterygium  'may  be  operated  upon,  the  progressive 
pterygium  must  be,  and  both  should  be. 

Clinically,  the  stationary  pterygium  is,  as  a rule,  thin,  pale,  and 
poorly  defined ; it  contains  but  few  blood  vessels,  not  exceeding  much 
in  size  those  of  the  normal  conjunctiva,  and  has  a flat  head  of 
irregular  outline,  lying  on  or  passing  into  the  cornea  with  little 
perceptible  elevation,  and  scarcely  invading  the  cornea  beyond  the 
limbu.s.  At  times  the  head  is  bordered  by  a narrow,  glistening  or 
tendinous-looking  line.  The  whole  is  evenly  covered  by  epithelium. 
Such  a pterygium  is  stationary. 

The  progre.ssive  pterygium,  on  the  other  hand,  is  apt  to  be  darker 


10448 


PTERYGIUM 


in  color  and  more  vascular,  the  vascularity  seeming  to  be  due  to  new- 
formed  as  well  as  to  enlarged  pre-existent  vessels.  Tt  is  thicker,  and  the 
head  shows  material  elevation,  and  is  often  bordered  by  a grayish, 
gelatinous-looking  material  free  from  blood  vessels.  Any  great  amount 
of  vascularity  in  the  neck,  and  approaching  the  head,  is  very  sug- 
gestive of  progress. 

In  classifying  a pterygium  as  stationary  or  progressive,  then,  a 
careful  examination  and  critical  analysis  of  the  head  and  neck  must 
he  made,  and  the  clinical  signs  of  activity  will  be  found  to  be  the  same 
here  as  elsewhere  in  the  body. 

Pseudo-pterygin'm.  The  differential  diagnosis  between  true  and 
false  pterygium  is  not  difficult.  Pseudo-pterygium  is  a fold  of  con- 
junctiva which  has  become  adherent  to  the  cornea  at  a point  of  pre- 
vious ulceration  or  abrasion.  The  limbus  is  crossed  by  a bridge  of 
conjunctiva  beneath  which  a fine  sound  can  always  be  passed.  Thei  e 
is  no  canal  beneath  the  neck  of  a true  pterygium,  and  the  passage  of 
a sound  at  this  point  is  impossible. 

THE  DEVELOPMENT  OP  PRESENT-DAY  METHODS  OF 
PTERYGIUM  OPERATION. 

The  first  surgeons  to  operate  for  pterygium  naturally  practised 
simple  excision  or  extirpation.  This  was  followed  by  partial  excision 
and  various  sections  and  resections. 

Celsus  (Rome,  A.  D.  1)  advised  separation  of  the  pterygium  by 
a scalpel  after  lifting  it  from  the  sclera  by  a thread  passed  beneath. 
Aetius  sawed  it  from  its  attachments  with  a horsehair.  Heister  made 
a single  incision  through  the  pterygium,  with  the  idea,  presumably, 
of  eradicating  it  by  destroying  its  circulation. 

Saint-Yves  cut  through  “cross-wise”  and  pulled  the  flaps  away. 
Acrel  cut  through  the  pterygium  on  the  cornea,  and  according  to 
Richter  {Treatise  on  Surgery— Gottingen,  1771,  p.  92)  was  the  first 
surgeon  to  advocate  and  practise  removal  of  the  head.  Scarpa  {Traite 
cles  maladies  des  yeux,  1802-1816)  in  the  early  part  of  the  nineteenth 
century  removed  the  head  from  the  cornea  with  forceps,  dissected 
backward  freely,  and  three  or  four  millemeters  from  the  limbus 
separated  the  pterygium  by  an  incision  concentric  to  the  cornea. 
Scarification  of  the  pterygium  in  a direction  perpendicular  to  its 
long  axis  was  recommended  by  Benjamin  Bell  in  1813.  Cauteriza- 
tion and  scarification,  after  separation,  were  also  practised  by  Wool- 
house  and  Beer,  and  caustics,  such  as  silver,  zinc,  etc.,  were  for  a time 
used  by  others. 
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Coceius  (Lehrbuch  der  Auffenheilk.,  11,  267,  1854),  was  probably 
the  first  to  introduce  conjunctival  sutures  to  cover  the  exposed  sclera. 
He  is  thus  credited  by  Arlt,  although,  according  to  Fuchs  {Text  Book 
of  Opliilwlmolog'ij,  Am.  Ed.,  1908,  p.  128),  Arlt  himself  deserves  the 
credit  for  having  made  the  opei'ation  for  pterygium  a success  by  dem- 
onstrating the  necessity  of  closing  the  conjunctival  wound.  Pox 
{Diseases  of  the  Eye,  1904,  p.  129),  on  tlie  other  hand,  gives  this 
honor  to  Fano, 

In  1842  the  method  of  ligation  was  introduced  by  Szokalski  {Rozer 
luul  Wunderlich  Archiu,  1845,  No.  2.)  Three  ligatures  were  passed 
l>eneath  the  pterygium,  one  at  the  limbus,  one  near  the  base,  and  a 
double  one  in  the  middle.  The  inner  and  outer  ligatures  were  tightly 
drawn  and  knotted,  the  middle  one  was  used  first  to  pull  the  pterygium 
from  its  scleral  attachments,  and  was  then  tightened  and  the  ends 
fastened  to  the  cheek  with  collodion.  After  the  death  of  the  ptery- 
gium, which  occurred  in  a few  days,  it  was  excised.  This  method  in 
the  opinion  of  the  writer  is,  at  the  present  day,  both  unnecessary 
and  nnsnrgical,  and  while  it  is  carefully  described  and  illustrated  in 
many  text-books,  no  form  of  pterygium  could  warrant  its  selection. 

About  1855,  the  elder  Desmarres  {Traite  theoriqioe  et  pratique  des 
'maladies  des  yeux,  2d  edition,  11,  1855,  p.  168),  devised  the  method 
of  transplantation  for  the  purpose  of  diverting  the  growth  from  the 
cornea.  Not  only  was  this  object  accomplished,  but  it  was  found  that 
after  transplantation  the  pterygium  atrophied.  Desmarres’  princi- 
ple was  one  of  great  and  lasting  value,  and  he  must  ever  receive  a roy- 
alty on  the  credit  given  any  transplantation  operation  for  pterygium. 

The  actual  cautery  as  a means  of  destroying  the  head  and  neck 
of  a pterygium  has  been  strongly  advocated  by  Coe  {Annals  of 
Ophthalmology  and  Otology,  V,  1896,  p.  250),  and  F.  B.  Loring 
{Medical  Neirs,  LXXXl,  211,  1902.)  Both  Coe  and  Loring  applied  a 
heated  platinum  wire  to  the  corneal  and  limbus  portion  of  the  ptery- 
gium. They  believe  that  if  these  portions  are  destroyed,  the  body 
will  disappear  by  atrophy.  This  method,  simple  as  it  is,  has  not  many 
strong  adherents. 

Finally,  the  weak  galvanic  current  (2-5  milliamperes)  has  been 
tried  and  reported  upon  favorably  by  Sharkey  {Jour.  Am.  Med. 
Assoc.,  1898,  p.  634)  and  others.  The  claims  made  for  it  are:  1.  It 
coagulates  the  blood  in  the  vessels,  causing  disappearance  of  the  ves- 
sels. 2.  It  produces  mild  adhesive  inflammation,  forming  a cica- 
trix between  the  conjunctiva  and  the  sclera.  3.  It  destroys  micro- 
organisms in  the  tissues.  While  the  galvanic  current  might  be  tried, 
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its  results  are  so  uncertain  that  the  method  must  be  classed  as  unre- 
liable. 

Practically,  at  the  present  time,  the  bast  operations  for  pterygium 
are  those  of  excision,  (ablation  or  abscission),  and  those  of  transplan- 
tation, (deviation  or  burying).  The  principles  of  each  are  funda- 
mental and  established,  and  while  the  modifications  of  technic  are 
innumerable,  there  are,  nevertheless,  but  few  things  to  be  done  in  any 
pterygium  operation. 

Before  describing  in  detail  some  of  the  more  important  opeiati\e 
procedures,  it  might  not  be  amiss  to  discuss  certain  points  common 

to  all. 

rrcparaiion  of  the  patient  and  for  the  operation.  The  time  to  op- 
erate is  coincident  with  the  first  opportunity.  Do  not  postpone  opera- 
tion until  the  head  of  the  pterygium  reaches  the  pupillary  area,  or 
“begins  to  interfere  with  the  vision.”  Vision  lo.st  in  this  vay  can 
never  be  fully  regained.  Furthermore,  there  is  a nebulous  zone 
around  the  head  of  a pterygium  reaching  beyond  its  visible  or  appar- 
ent margin.  Remember  that  a portion  of  the  corneal  epithelium  and 
Bowman’s  membrane  is  to  be  removed,  and  left  for  a time  unpio- 
tected,  and  that  a very  considerable  portion  of  the  conjunctiva  is  to 
be  at  least  undermined.  Infection  pnder  these  conditions  might  be 
disastrous.  Prepare  the  lids,  lashes  and  conjunctival  sac  carefully, 
and  in  accordance  with  accepted  methods  of  clean  surgery.  Do  not 
operate  in  the  presence  of  dacryocystitis  or  conjunctivitis  with  secre- 
tion. Local  anesthesia  is  quite  sufficient  to  render  the  operation  pain- 
less. Cocain  in  2 or  4 per  cent,  solution  should  be  instilled  in  the 
usual  manner.  Solutions  stronger  than  5 per  cent,  are  dangerous  and 
no  more  effective.  Adrenalin  chloride,  1-3000,  may  be  added  to  the 
cocain  or  used  separately  if  desired.  While  the  immediate  effect  of 
adrenalin  is  good,  sul>sequent  congestion  and  hemorrhage  are  sometimes 
more  troublesome  than  primary  hemorrhage.  The  latter  is,  as  a rule, 
not  verv  severe  and  can  well  be  cared  for  by  an  assistant  with  a 
pledget  of  cotton  or  gauze. 

The  instruments  required  are  not  many.  A good  speculum,  which 
will  hold  the  lids  firmly  and  permit  of  a wide,  even  exposure  of  the 
ej'eball ; a Graefe  cataract  knife  or  one  of  the  specially  designed  knives 
for  removing  the  head  of  the  growth ; a broad-toothed  forceps  j a small, 
blunt-pointed,  straight  scissors ; a flat  strabismus  hook ; a fine,  sharp 
curette;  a few  small,  curved  needles,  and  some  fine  silk,  are  all  that 
are  necessary  for  any  incision  or  transplantation  operation. 

Selection  of  method.  This  is  more  a matter  of  preference  and  judg- 
ment on  the  part  of  the  operator,  than  a point  to  be  determined  by 
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text-book  rules.  If  the  pterygium  is  very  large  and  thick,  the  writer 
often  prefers  excision  because  the  excess  of  tissue  is  in  that  way 
radically  removed,  and  the  result  he  thinks  is  apt  to  be  smoother.  If 
the  pterygium  is  of  moderate  size,  transplantation  would  be  selected, 
and  if  very  small,  the  method  would  to  him  seem  immaterial. 

In  both  operations  of  excision,  and  in  those  of  transplantation,  the 
head  and  neck  of  the  pterygium  must  be  carefully  and  completely  re- 
moved. Ultimate  success  depends  upon  two  factors,  viz.,  complete  re- 
moval of  the  head  and  neck  from  the  cornea  and  limbus  I’espectively, 
and  the  complete  covering  of  all  sclei’a  expo.sed  incident  to  the  op- 
eration. 

The  head  is  best  separated  from  the  cornea  by  a sharp  knife,  al- 
though many  operators  prefer  the  method  of  evulsion  by  means  of  a 
flat  strabismus  hook  as  recommended  by  Prince  {Archiv.  of  Ophthal- 
mology, XI Y,  16,  1885.)  A Graefe  cataract  knife  answers  the  pur- 
pose very  well,  but  in  a deeply-placed  eyeball,  it  is  at  times  difficult 
to  manipulate  so  as  to  transfix  the  neck  tangential  to  the  surface  of 


Young’s  Pterygium  Knife. 


the  sclera,  and  shave  the  head  smoothly  from  the  cornea  by  passing 
the  knife  forward.  For  this  reason  several  useful  knives  have  been 
specially  constructed  to  better  meet  the  conditions.  H.  B.  Young,  for 
example,  has  ground  the  angular  keratome  of  Jaeger  into  a kidney  or 
pointless  sickle-shape,  sharp  all  around.  These  knives  are  made  right 
and  left,  and  as  the  knife  follows  the  contour  of  the  globe,  dissection 
is  easier  and  cleaner. 

Melville  Black  prefers  Agnew’s  iridectomy  knife  made  about  one- 
third  size.  The  important  point  is  to  remove  every  vestige  of  the 
head,  shaving  down,  if  necessary,  well  into  Bowman’s  membrane. 
Ilolmstrom  {Klin.  Monatfihldtter  fuer  Angenheilk,  XXXVIll,  1900, 
p.  550),  for  the  purpose  of  securing  less  opacity  of  the  cornea  after 
operation,  advises  the  method  of  abscising  the  cornea  advanced  bj^ 
Malgaigne  and  Szokalsky  {Hygeia,  Bd.  61,  6.  229)  for  the  removal 
of  corneal  opacities  located  in  the  superficial  layers. 

Evulsion  of  the  head  (Prince)  is  performed  by  introducing  the 
tip  of  a strabismus  hook  beneath  the  neck,  and  then  with  moderate 
force  dragging  the  hof)k  forward  with  a i)rying  motion,  tearing  the 
head  from  its  attachment.  A clean  and  complete  separation  is  thought 
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to  be  to  the  advantage  of  this  metliod,  but  in  the  oipinioii  of  the  writer, 
cutting  when  possible  is  always  better  than  tearing  in  ophthalmic  sur- 
gery. 

Cauterization  and  curetting  of  the  corneal  wound  after  the  re- 
moval of  the  head  have  also  been  recommended.  If  the  surgeon  will 
be  careful  to  have  the  corneal  wound  free  and  clean,  it  will  make  little 
difference  which  method  of  removal  he  adopts.  The  chances  of  recur- 
rence will  be  minimized,  and  the  after  appearances  of  the  eye  en- 
hanced, by  careful  attention  to  this  detail. 

The  Drake-Brochman  operation.  The  figures  show  the  ordinary 
form  of  corneal  pterygium  seen  in  India  and  the  opei’ation  which  has 
been  found  effective  for  its  removal. 

The  apex  of  the  growth  is  picked  up  by  a very  fine  pair  of  forceps 
(iris  or  similar  kind)  and  stretched  so  as  to  ascertain  its  final  attach- 
ment to  cornea.  While  on  the  stretch  a small  nick  is  made  in  it  close 
to  the  cornea.  Into  this  opening  is  gently  inserted  one  point  of  a small 


Agnew’s  Modified  Iridectomy  Knife. 

pair  of  very  sharp  scissors  and  the  growth  divided  close  to  the  cornea 
until  the  corneo-seleral  margin  is  reached  on  the  upper  side.  Then 
the  scissors  blade  is  placeci  on  the  lower  end  and  the  growth  duly 
divided  below  to  a point  opposite  to  it  above.  This  leaves  a tri- 
angular tongue  of  membrane  attached  by  its  base  to  the  conjunctiva. 
Now  the  conjunctiva  under  the  growth  is  well  undermined  both  above 
and  below,  so  as  to  allow  the  portions  of  the  conjunctiva  at  the  corneal 
margin  to  be  brought  together  easily  when  suturing.  This  having  been 
done  with  the  scissors,  a cut  is  made  through  the  growth  at  a sufficient 
angle,  corresponding  in  size  more  or  less  to  the  part  over  the  cornea 
and,  ultimately,  a diamond-shaped  piece  is  excised  and  removed  com- 
pletely. (See  figures.)  A V-shaped  opening  now  exists  in  the  con- 
junctiva whose  edges  are  sufficiently  undermined  above  and  below  in 
order  to  adapt  easily  the  incised  edges  which  are  then  neatly  brought 
together  by  two  sutures.  In  the  event  of  there  being  excessive  tension 
after  insertion  of  stitches,  it  is  as  well  to  incise  the  mucous  membrane 
half  way  between  the  wound  and  inner  canthus,  as  indicated  by  the 
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dotted  line.  After  completion  of  this  portion  of  the  operation  it  is 
as  well  to  touch  lightly  with  the  electric  cautery  the  portions  of  cornea 
to  which  the  pterygium  was  originally  attached,  so  as  to  prevent  re- 
currence as  far  as  possible.  It  is  necessary  for  the  prevention  of  hem- 
orrhage, to  inject  a drop  of  adrenalin  and  eocain  solution  beneath 
the  growth,  and  in  order  to  obtain  immediate  union  of  the  operative 
wound  edges.  Only  very  sharp  instruments  should  be  used  in  making 
the  incisions.  The  electro-cautery  is  the  most  effective  method  of 
dealing  with  the  corneal  attachments  of  the  growth,  as  being  less  likely 
to  lead  to  patches  of  opacity,  which  are  so  often  the  result  of  opera- 


A 

Pterygium  Suitable  for  the  Drake-Brockman  Operation. 


Drake-Brockman  Operation  for  Ptery-  Final  Stages  of  Drake-Brockman  Op- 
gium.  Exsection  of  Diamond-shaped  eration  for  Pterygium. 

Area. 

tions  for  pterygium,  especially  when  it  is  of  long  standing  a)id  much 
adherent  to  adjacent  parts. 

The  after-treatment  consists  in  absolute  quiet  for  the  patient,  and 
immobilization  of  both  eyes  to  insure,  if  possible,  healing  by  first 
intention,  and  to  prevent  the  tearing  out  of  the  stitches.  Two  or 
three  days  will  usually  be  sufficient  time  to  keep  both  eyes  bandaged, 
with  an  additional  day  or  two  for  the  operated  eye.  It  is  a mistake  to 
keep  an  eye  bandaged  longer  than  absolutely  necessary  to  secure  a 
sufficiently  firm  union.  Secretions  accumulating  back  of  closed  lids 
do  not  aid  in  the  healing  process;  it  is  better  to  flush  the  eye  fre- 
quently with  some  cleansing  .solution,  such  as  warm  boric  acid. 

Stitches  should  be  removed  the  moment  they  lail  to  be  of  service. 
Any  stitcli  in  the  conjunctival  sac  is  an  irritant,  and  a loose,  useless 
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stitch  is  an  uniieccessary  irritant.  A careful  inspection  of  the  stitches 
from  day  to  daj'’  should  he  made,  and  the  time  for  removal  determined 
by  their  efficiency,  ratlier  than  by  an  arbitrary  rule.  Few  stitches  are 
active  after  five  or  six  days;  if  iinion  has  not  been  secured  in  that 
time,  the  chances  are  the  wound  will  have  to  heal  by  granulation.  If 
tliis  is  recognized,  then  the  sooner  the  stitches  are  out  the  better. 

Reaction  following  operation  for  pterygium  is  usually  not  severe, 
nor  is  there  much  pain  or  discomfort  following  the  operation.  It  is 
the  practice  of  the  writer  to  instill  atropin  or  scopolamine  immediately 
after  any  operation  of  this  kind  on  the  eyeball.  Post-operative  dis- 
comfort is  lessened,  irritability  and  lachrymation  are  diminished,  and 
more  complete  relaxation  is  obtained.  The  eye  is  placed  in  the  most 
favorable  condition  for  repair. 

The  after-results  of  this  operation  vary  according  to  the  size  and 
extent  of  the  pterygium  removed,  and  the  skill  of  the  operator  in  the 


Arlt’s  Operation  for  Pterygium,  showing  the  lines  of  incision. 

selection  of  method  and  execution.  With  a large  pterygium,  or  one  of 
moderate  size,  there  will  always  be  remaining  an  indelible  opacity  of 
the  cornea  just  within  the  limbus,  a more  or  less  thickened  and  drawn, 
or  rigid,  condition  of  the  conjunctiva  in  situ,  and  some  yellowish 
discoloration,  all  of  which  appearances  are  far  preferable  and  su- 
perior to  those  of  the  original  condition. 

Method  of  Arlt.  Excision  according  to  this  method  is  one  of  the 
best  and  cleanest  operations  for  pterygium,  and  gives,  if  properly 
done,  a very  satisfactory  result. 

After  the  usual  preparations  and  the  insertion  of  a blepharostat, 
or  speculum,  the  neck  of  the  pterygium  is  lifted  from  the  eyeball  by 
a broad-toothed  i‘orcei)s  and  transfixed  with  a (Iraefe  knife  parallel 
to  the  limbus  at  this  point,  and  with  the  cutting  edge  directed  toward 
the  center  of  the  cornea.  By  a sawing  movement  forward  the  head  is 
cut  from  the  cornea,  If  one  of  the  other  forms  of  knife  be  used,  the 
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technic  is  changed  accordingly.  The  liberated  head  is  then  held  in 
the  forceps,  and  with  a small,  straight  scissors,  preferably  blunt-pointed, 
the  pterygium  is  dissected  from  its  bed.  The  incisions  above  and  be- 
low made  by  the  scissors  follow  the  margins  of  the  pterygium  back- 
ward toward  the  canthus  (see  figure),  and  are  therefore  divergent  in 
this  direction.  They  are  carried  backward  about  6 or  7 mm.,  but  the 
Iwdy  of  the  pterygium  is  undermined  much  further — about  twice  this 
distance.  Two  converging  incisions  are  then  made  with  the  scissors 
through  the  body  of  the  pterygium  to  meet  in  the  median  line  near 
tlie  canthus.  These  latter  incisions  commence  where  the  first  two  in- 
cisions terminated.  A quadrilateral  piece  of  the  pterygium  is  thus 


Arlt’s  Operation  for  Pterygium,  Arlt’s  Operation  for  Pterygium 

showing  scleral  defect  after  removal  completed, 
of  the  ‘ ‘ accommodation  incisions,  ’ ’ and 
the  introduction  of  sutures. 

removed,  leaving  a similar  area  of  the  sclera  to  be  covered  by  con- 
jiuictiva  drawn  from  above  and  below.  (See  fig.)  It  is  well  to 
undermine  the  conjunctiva  above  and  below  before  introducing  stitches 
to  draw  the  two  cut  edges  together.  In  this  way  undue  tension  is 
avoided  and  the  result  is  smoother. 

To  prevent  over-riding  of  the  cornea  when  the  conjunctival  gap 
at  the  limbus  is  covered,  two  incisions  several  millimeters  in  length 
are  made  through  the  loosened  conjunctiva  at  the  limbus,  one  above 
and  one  below,  tangential  to  the  corneal  margin,  at  the  point  of  oper- 
ation. Tliese  incisions  have  been  well  named  “accommodation  inci- 
sions.” The  numl)ei-  of  stitches  to  be  inserted  will  depend  upon  the 
size  of  the  area  to  be  covered.  Suffice  it  to  say  that  when  the  operation 
j.s  completed  an  unbroken  horizontal  line  of  carefully  stitched  con-. 
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junctiva  should  extend  from  the  margin  of  the  cornea  backward  to- 
ward the  canthus,  and  no  part  of  the  sclera  should  be  left  uncovered. 
The  corneal  wound  should  be  treated  as  previously  directed,  and  the 
rules  for  after-treatment  observed  according  to  the  exigencies  of  the 
case. 

If  the  pterygium  were  small,  Arlt  would  often  separate  the  head 
from  the  cornea,  dissect  a small  portion  only  of  the  pterygium  from 
the  sclera,  and  unite  the  conjunctiva  by  several  sutures  at  the  limbus, 
or  in  front  of  the  dissected  portion.  At  times  he  would  cut  off  the  dis- 
placed tip,  and  sometimes  he  would  leave  it  to  atrophy  and  later  dis- 
appear. 

This  procedure  was  also  practised  by  Pagenstecher  and  often  bears 
his  name.  The  writer  can  see  no  advantage  in  this  rather  abortive 


a. 


^ / 


Hobby’s  Operation  for  Pterygium, 
showing  lines  of  incision. 


Hobby’s  Operation  Completed. 


modification  of  a clean-cut  operation,  and  should  the  operator  select 
Arlt’s  excision  method,  would  recommend  that  it  be  done  in  its  com- 
plete form. 

Hobby’s  excision  operation.  The  conjunctiva  is  incised  along  the 
upper  margin  of  the  pterygium  from  the  limbus  to  near  the  canthus. 
(See  Fig.)  A vertical  incision  is  made  extending  from  the  margin 
of  the  cornea  upward  at  right  angles  to  the  first  (a.c.).  The  pterygium 
is  then  removed  from  the  cornea,  and  the  incision  a.c.  continued  down- 
ward to  a point  a little  below  the  inferior  margin  of  the  cornea,  (d). 
An  incision  parallel  to  a.b.  is  carried  along  the  lower  margin  of  the 
pterygium.  The  pterygium  is  then  dissected  up  and  completely  re- 
moved. The  upper  conjunctival  flap  is  loosened  from  its  attachments, 
drawn  downward  and  united  by  several  sutures,  (Hobby  inserts  three) 
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to  the  free  margin  of  the  lower  flap.  {American  Journal  of  Ophthal- 
mology, 1888,  p.  94.) 

The  important  claim  made  for  Hobby’s  operation  is  that  the  line 
of  conjunctival  union  is  removed  from  the  cornea,  and  from  exposure 
in  the  palpebral  fissure,  and  as  recurrence  after  any  excision  operation 
is  apt  to  take  place  in  the  cicatrix,  the  danger  of  recurrence  is  lessened. 

Lipscamh’s  method  of  excision.  P.  Lipscomb  has  devised  the  follow- 
ing operation  which  has  the  advantage  of  total  extirpation  of  the 




c 
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Lipscomb  s Excision  Operation  for  Pterygium,  showing  plan  of  removal  tand 

conjunctival  defect. 


e 


b 


Lipscomb’s  Operation  of  Pterygium  Completed. 

pterygium,  and  the  placing  of  the  cicatrix  in  a position  not  favorable 
for  recurrence : 

The  head  is  shaved  from  the  cornea  in  the  usual  manner,  and  the 
body  dissected  free  to  its  base,  where  it  is  removed  with  scissors.  The 
conjunctiva  below  is  undermined,  and  at  the  canthal  portion  an  in- 
cision is  made  concentric  to  the  corneal  margin.  (See  Fig.  a-b.)  The 
conjunctiva  above  is  likewise  undermined,  and  an  incision  (c-d)  made 
at  the  limbus.  The  conjunctiva  is  then  united  by  suture.s,  by  carrying 
a to  e aud  c to  f,  and  of  course  suturing  at  intermediate  points.  The 
line  of  sutures  and  the  following  cicatrix  will  thus  lie  obliquely  as 
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shown  in  the  figure.  Sutures  may  also  be  introduced  along  the  line 

e-b  if  necessary.  ... 

From  the  standpoint  of  plastic  surgery,  this  operation  is  ingenious, 

and  would  seem  to  meet  well  the  indications. 

As  a modification  of  technic  applicable  in  any  operation  in  which 
the  ptcrvgium  is  totally  extirpated,  G.  Edgar  Dean  introduced  the 
galvano-Mutery  snare.  After  treeing  the  pterygium  from  tip  to  base, 
the  conjunctival  detect  is  covered.  The  loop  of  the  snare  is  then 
thrown  over  the  extruded  mass,  and  the  pterygium  is  actually  burnt 
off  a.t  its  base.  Dean  has  never  known  a pterygium  to  recur  when 

treated  in  this  manner.  , ^ ^ 

Desmarres’  method  of  transplantation.  By  this,  the  first  practised 

transplantation  method,  the  pterygium  is  separated  from  the  cornea 


<2- 


Desniarres’  Transplantation  Opera- 
tion for  Pterygium,  showing  Pterygium 
dissected  back  to  its  base,  and  prepared 
angle  a,  into  which  head  is  to  be 
stitched. 


Desmarres’  Operation,  showing  Ptery 
gium  transplanted  into  lower  fornix. 


and  its  bed,  back  to  its  base.  The  tip  is  then  transferred  into  a pre- 
pared angle  or  pocket  in  the  lower  fornix  of  the  conjunctiva.  After 
dissecting  up  the  pterygium  in  the  usual  manner  until  it  remains 
attached  only  at  its  base,  an  incision  is  carried  downward  toward 
the  fornix  through  the  conjunctiva,  starting  a few  millimeters  from 
the  corneal  margin.  (See  fig.)  In  to  this  denuded  angle  thus  formed, 
the  head  of  the  pterygium  is  fastened  with  a single  stitch. 

Desmarres  made  no  attempt  to  cover  in  the  exposed  sclera,  but  al- 
lowed the  wound  to  heal  by  granulation.  The  operation  is  only  de- 
scribed to  show  the  origin  of  the  transplantation  method.  It  shou  d 
not  be  performed  to-day  as  Desmarres  did  it,  as  no  surgeon  would 
leave  wounds  to  granulate  that  could  just  as  well  be  covered.  Impor- 
tant modifications,  however,  devised  by  Knapp  and  McReyiiolds,  have 
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made  from  this  operative  principle  very  effective  methods  of  dis- 
posing of  pterygium. 

KiMpp  s operation.  Knapp  described  liis  method  as  double  transr 
plantation  and  covering  the  defect  with  conjunctival  flaps.  The  technic 
of  the  operation,  following  closely  the  author’s  own  description  (Nor- 
ris and  Oliver’s  System,  111,  p.  836),  is  as  follows:  Remove  the  head 
from  the  corriea.  Incisions  made  with  small  curved  scissors  are  then 


Knapp ’s  Operation,  showing  dissected 
pterygium  split  into  symmetrical  halves 
by  incision,  C. 


Knapp ’s  Operation  for  Pterygium, 
showing  conjunctival  defect  and  “ac- 
commodation incisions.  ’ ’ 


Knapp ’s  Operation  Completed. 


carried  along  the  lower  and  the  upper  margins  of  the  pterygium  to- 
ward its  insertion  into  the  semi-lunar  fold,  and  prolonged  into  the 
lower  and  upper  fornix  respectively.  (See  Fig.,  a and  b.)  The  pte- 
rygium is  then  detached  from  the  sclerotic,  and  the  head  cut  off.  The 
conjunctival  defect  after  the  pterygium  is  dissected  back  to  its  base 
is  shown  in  the  figure. 

With  a pair  of  .straight  scissors,  Ihe  pterygium  is  then  split  into 
twm  symmetrical  halves  by  a horizontal  incision.  The  tip  of  the  lower 
half  is  then  stitched  into  the  apex  of  the  triangular  defect  in  the 
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lower  conjmictival  fornix,  and  the  tip  of  the  upper  half  is  likewise 
stitched  into  the  upper  conjunctival  fornix.  To  cover  the  defect, 

. Knapp  makes  two  “accommodation  incisions”  as  shown  in  the  figure, 
then  introduces  two  stiches— one  next  to  the  limbus,  and  the  other  at 
the  caruncular  end  of  the  defect.  The  latter  stitch  should,  he  says,  in- 
clude the  tissue  forming  the  apex  of  the  angle  behind  the  two  halves 
of  the  split  pterygium.  The  operation  as  finished  is  sliown  in  the  cut 

McBcijnolds’  method.  McRcynolds,  of  Dallas,  Texas,  made  in  1902 
{Jour.  Amer.  Med.  Assoc.,  Aug.  9,  1902),  a very  important  contri- 
bution to  the  surgery  of  pterygium.  Ilis  operation,  ivhich  is  an  in- 
genious modification  of  Desmarres’  idea,  imssesses  certain  merits 
which  have  gained  for  it  gi-eat  popularity  in  tins  country. 

It  is  easy  of  execution,  no  tissue  is  removed,  unless  perhaps  it  is 
the  head  of  a large  pterygium,  and  that  is  optional,  no  exposed  sclera 
remains;  the  conjunctiva  which  covers  the  site  of  the  pterygium  is 
applied  smoothly  in  its  new  position ; if  well  done  recurrence  is  excep- 
tional ; it  is  applicable  to  pterygia  of  any  size,  and  it  calls  for  hut  one 


stitch.  , 

Transfix  the  neck  of  the  pterygium  with  a knife,  and  shave  the 

head  smoothly  from  the  cornea.  Hold  the  tip  of  the  pterygium  with 
fixation  forceps,  and  with  slender,  straight  scissors  divide  the  con- 
junctival and  sub-conjunctival  tissues  along  its  lower  margin  from 

the  neck  to  the  canthus.  (See  Fig.  a-b.) 

Separate  the  body  from  the  sclera  with  any  small,  non-cutting  in- 
strument, such  as  tiie  closed  blunt  scissors,  or  a fiat  strabismus  hook. 
Undermine  the  conjunctiva  lying  below  the  oblique  incision  made  with 
the  scissors.  A pocket  is  thus  formed  into  which  the  pterygium  is  to 

be  buried.  „ . 

A black  silk  thread  armed  at  each  end  with  a small  curved  needle 

is  passed  through  the  apex  of  the  pterygium,  placing  the  loop  on  the 
under  surface.  The  needles  are  then  passed  downward  beneath  the 
undermined  conjunctiva,  and  brought  out  in  the  lower  fornix  one 
about  Vs  or  V-  i^ich  above  the  other,  and  both  well  over  toward  the 

vertical  meridian  of  the  cornea.  1-4.  4.1, 

With  these  threads  the  pterygium  is  drawn  dovmward  into  the 
sub-conjunctival  pocket  made  for  it.  To  facilitate  this  stage  of  tie 
operation,  the  conjunctiva  is  at  the  same  time  raised  with  a forceps. 
The  threads  are  then  tightened,  tied  and  cut.  It  is  very  important 
that  no  incision  of  any  kind  be  made  along  the  upper  border  of  the 
pterygium.  Such  would  cause  a denuded  space  when  traction  was 
made  upon  the  pterygium  in  drawing  it  into  its  new  position. 

Beard  urged  as  a practical  suggestion  in  performing  the  opera- 
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tioii,  that  the  speoulum  be  removed  before  proceeding  to  draw  the 
pterygium  into  the  prepared  pocket.  The  effect  of  the  speculum,  he 
claimed  was  to  greatly  limit  the  extent  to  which  the  conjunctiva  can 
be  drawn  downward,  by  pushing  that  membrane  up  into  the  fornix. 
The  suggestion  seems  to  be  a good  one. 

Methods  of  Fox.  Another  method  of  transplantation  practised  and 
recommended  by  L.  Webster  Fox  {Diseases  of  the  Eye,  1904),  is  per- 
formed as  follows:  An  incision  is  made  in  the  conjunctiva  along  the 
upper  and  lower  margins  of  the  pterygium  as  shown  in  the  accom- 
panying figure. 

The  conjunctiva  below  is  undermined  or  pocketed  as  far  as  the 
insertion  of  the  inferior  rectus  muscle.  The  pterygium  is  then  sep- 


McReynolds’  Operation  for  pteiTy- 
gium,  showing  incision  (a-b),  and  the 
suture  passed  through  the  tip  from 
within  out. 


McReynolds’  Operation  Completed. 


arated  from  the  sclera  with  scissors,  leaving,  however,  the  corneal  at- 
tachment intact.  A double-armed  thread  is  passed  through  the  tip  of 
the  pterygium  close  to  its  corneal  attachment.  The  head  is  then  sep- 
arated by  a strabismus  hook  or  knife,  and  carried  into  the  newly 
formed  cul-de-sac  below.  The  needles  are  psissed  through  the  con- 
junctiva near  the  insertion  of  the  inferior  rectus  muscle  and  tied,  firm- 
ly holding  the  pterygium  in  its  new  position.  The  cut  edges  of  the 
conjunctiva  above  and  below  are  brought  together  with  two  or  three 
stitches.  Although  no  mention  is  made  of  it  by  Fox  in  his  descrip- 
tion, “accommodation  incisions”  at  the  limbus  would  aid  in  the 
replacement  of  the  conjunctiva.  The  operation  is  simply  an  elab- 
oration of  Desmarres’  original  operation. 
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Suhvolution  or  suhinvolutwn  -of  the  pterygium.  This  method  was 
practised  by  Galezow^ski  {Maladies  des  Yeux,  1888.)  The  pterygium 
was  separated  from  the  cornea  and  sclera,  and  a double-armed  thiead 
passed  through  the  tip.  It  was  then  doubled  on  itself  by  carrying  its 
head  beneath  to  be  stitched  to  the  base.  Conjunctival  sutures  were  in- 
troduced to  cover  the  defect. 

The  same  operation  w'as  later  advocated  by  Bettman  in  this  coun- 
try who  gave  to  it  the  very  appropriate  name  of  subvolution  or  sub- 
involution.  Bettman  claimed  that  by  thus  placing  mucous  mem- 


brane against  the  sclera  there  could  lie  no  adhesion,  consequently  no 
recurrence. 

TreatY)\£7it  hy  gi’afting.  In  dealing  with  verj'^  extensive  pteiygia, 
and  especially  with  those  that  have  undergone  cystic  degeneration  or 
epitheliomatous  changes,  it  is  sometimes  impossible  to  leave  sufficient 
bulbar  conjunctiva  to  properly  cover  the  defect  after  removal.  In 
such  cases  the  surgeon  may  have  recourse  to  mucous  membrane  grafts 
as  described  by  Klein  {Allgem.  Wiener  med.  Zeitung,  3-4,  1876),  or 
to  Thiersch  skin-grafts  after  the  method  of  Ilotz. 

Hotz  gave  skin-grafts  decided  preference  over  mucous  membrane 
grafts.  They  are  more  easily  handled  and  fitted ; they  require  no  su- 
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tures;  they  grow  better  and  shrink  less;  they  are  as  smooth  as  the 
surrounding  conjunctiva,  but  look  paler  and  more  wliitish. 

An  epidermic  gi'aft  a little  smaller  than  tlie  area  to  be  covered  is 
shaved  from  the  arm  or  other  suitable  place  and  transferred  directly 
to  the  denuded  surface  of  the  eyeball.  It  is  carefully  fitted  and  the 
eye  dressed.  The  graft  becomes  adherent  in  about  three  days.  The 
method  of  Ilotz  under  proper  indications  has  proven  to  be  a valuable 
adjunct  to  the  surgery  of  pterygium. 

Having  thoroughly  cleansed  the  surface  from  which  the  gi’aft 
is  to  be  taken,  a wide,  sharp  razor  is  drawn  with  a to-and-fro  motion, 
removing  the  outer  layers  of  the  skin  only.  While  most  operators  keep 
the  razor  flooded  with  warm  sterile  salt  solution  while  detaching  the 
graft.  Beard  held  that  the  operation  is  greatly  facilitated  by  having 
the  skin  and  the  razor  perfectly  dry.*  The  area  to  be  covered  must  be 
free  from  blood  before  the  graft  is  applied.  The  graft  is  transferred 
directly  from  the  razor  blade  to  the  conjunctival  defect,  and  there 
trimmed  with  scissors  to  properly  conform.  The  lid  is  carefully  closed 
so  as  not  to  displace  the  graft,  and  the  eye  dressed. 

j 

PSEUDO-PTERYGIUM  AND  RECURRENT  PTERYGIUM. 

The  recurrent  pterygium,  it  will  be  remembered,  is  not  a true 
pterygium,  but  is,  as  a rule,  a cicatricial  structure.  Occasionally,  after 
removal  or  repeated  removal  of  pterygium,  a sclerotic  degeneration  of 
the  cornea  takes  place,  resembling  very  much  what  is  known  as  keloid- 
cornea.  In  an  exaggerated  form  the  movements  of  the  eyeball  may 
be  restricted,  or  the  eyeball  may  be  drawn  into  strabismus.  It  is  the 
advice  of  Knapp,  Beard  and  others  not  to  interfere  in  these  compli- 
cated cicatricial  conditions  unless  it  is  absolutely  necessary.  Gifford 
{Ophthiilmic  Record,  Jan.,  1909),  on  the  other  hand,  says  that  his 
experience  indicates  that  all  of  these  bad  cases  of  recurrent  pterygium 
can  be  cured  if  a large  enough  Thiersch  flap  or  epithelial  lip-flap  is 
put  on.  He  further  says:  “In  doing  the  operation,  it  is  important, 
in  dissecting  back  the  conjunctiva,  to  clean  the  cornea  and  sclera  very 
thoroughly,  and  to  be  sure  that  the  flap  is  well  attached  to  the  globe 
before  the  lids  are  allowed  to  close.  The  devices  which  I have  adopted 
of  fixing  the  globe  in  position  of  abduction  by  means  of  a guy-thread 
put  through  the  tendon  of  the  external  rectus  and  fastened  to  the  skin 
outside  the  external  canthus  with  collodionized  gauze  to  prevent  dis- 
placement of  the  flap,  may  be  necessary  in  some  extreme  cases.  But  if 

* [Keeping  the  razor  well  covered  with  warm,  sterile  vaselin,  after  the  sug- 
gestion of  Walter  Parker,  gives  still  better  results. — Ed.] 
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the  flap  is  pressed  down  firmly  with  an  absorbent  cotton  toothpick  swab, 
slightly  moistened,  so  as  to  bring  the  entire  under-surface  into  close 
contact  with  the  globe,  and  the  lids  are  held  open  for  three  to  five 
minutes  thereafter,  then  both  eyes  kept  closed  with  a rather  firm  band- 
age, with  plenty  of  cotton,  for  48  hours,  failures  from  displacement  of 
the  flap  will  be  rare.  In  applying  the  latter  it  is  sometimes  necessary 
to  tuck  the  edges  in  under  the  loosened  conjunctiva,  and  I have  once 
or  twice  protected  the  well-applied  flap  by  temporarily  drawing  the 
conjunctiva  partly  over  it  with  a suture.  The  flap  should  be  slid 
directly  from  the  razor  to  the  globe.  It  should  be  cut  large  enough, 
and,  after  covering  the  defect  on  the  globe,  the  excess  on  the  temporal 
side  is  trimmed  off  so  as  to  leave  bare  the  cornea,  and  a strip  of  sclera 
about  1-16  inch  wide  between  it  and  the  flap.” 

Surgical  procedures  for  the  relief  of  these  distressing  conditions 
other  than  grafting,  are  well  summarized  by  Beard,  who  says : 

“In  its  surgical  treatment,  false  pterygium  involves  many  of  the 
principles  which  are  concerned  in  operations  for  symblepharon  as  well 
as  most  of  those  described  in  connection  with  the  true  form : No  set 
methods  can  be  laid  down  for  their  operative  handling,  as  Ihey  present 
so  great  a variety  that  each  case  must  be  separately  reckoned  with.” 
— (W.  T.  S.) 

In  addition  to  the  principal  operations  just  described  a number  of 
others,  as  well  as  later  modifications  of  some  already  published,  are 
depicted  in  more  or  less  recent  literature.  A few  of  these  are  indicated 
as  follows. 

Cabannes  {La  Clinque  Ophtalmologique,  Dec.,  1908)  has  reported 
a new  operation  whose  principle  is  founded  on  three  considerations, 
(a)  To  excise  the  smallest  quantity  of  pterygium  possible;  (b)  not 
to  include  the  pterygium  in  the  conjunctival  suture,  but  to  exclude 
it;  (c)  to  re-cover  the  bed  of  the  excised  pterygium  by  the  neighbor- 
ing healthy  conjunctiva,  without  traction  on  that  membrane.  For 
these  reasons  he  describes  his  method  as  a procedure  by  exclusion  of 
the  pterygium,  with  conjunctival  suture  by  gliding.  The  following 
are  the  steps  of  the  operation. 

First,  the  head  of  the  pterygium  is  detached  and  the  pterygium 
dissected  deeply  as  far  as  its  centre.  If  small  it  is  not  excised,  and 
if  larger  only  the  part  covering  the  cornea  is  resected.  The  pterygi- 
um is  now  drawn  towards  the  caruncle  by  means  of  forceps  held  by 
an  assistant.  The  cornea  is  carefully  scraped  with  a curette  or  touched 
with  a cautery.  The  eye  is  carried  outwards  and  the  bed  of  the 
pterygium  is  freely  exposed,  whilst  the  latter,  left  to  itself,  retracts 
in  a ball  towards  the  inner  angle;  it  will  remain  there  and  is  not 
touched  again. 
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The  second  step  consists  in  covering  the  bed  of  the  pterygium  with 
healthy  conjunctiva.  The  conjunctiva  is  detached  from  the  corneal 
margin  above  and  below  as  far  as  the  vertical  meridian,  at  which  level 
a vertical  liberating  incision  is  made,  one  to  one  and  a half  cm,  in 
extent.  By  dissecting  up  the  areas  thus  marked  out  two  conjunctival 
flaps  are  obtained,  somewhat  quadrangular  in  form,  the  one  superior, 
the  other  inferior,  and  are  easily  brought  without  traction  over  the 
bed  of  the  pterygium. 

Thirdly,  the  borders  of  the  conjunctival  flaps  are  brought  together 
by  two  connecting  sutures : the  one  nearest  the  cornea  ought  to  extend 
into  the  episcleral  tissue.  The  stitches  are  left  in  place  for  six  or 
seven  days  and  then  removed  when  the  cicatrization  is  perfect.  The 
pterygium,  retracted  towards  the  caruncle,  has  withered.  The  eye 
remains  red  for  about  three  weeks  or  a month  and  the  cure  is  then 
complete.  This  operation  has  given  Cabannes  constant  and  lasting 
results.  (E.  M.  Lithqon  in  the  OpK.  Review,  p.  145,  May,  1909.) 


CHiadwick’s  Scissors  whli  Double  Curve  for  Pterygium. 


Uribe  y Troncoso  {Annates  d'OcuUstique,  vol.  152,  August,  1914), 
describes  his  favorite  operation  as  follows:  Seizing  the  head  of  the 
pterygium  with  fine  forceps,  take  a fine  bistoury  and  carefully  detach 
the  head  cleanly  from  the  cornea,  dissecting  down  to  the  sclera  for 
3mm.  beyond  the  edge  of  the  pterygium.  With  a fine  curette  scrape 
the  bared  corneal  and  scleral  surfaces  along  the  edges  of  the  growth. 
After  the  head  is  once  detached  replace  it  and  with  fine  scissors  make  a 
vertical  incision,  chord-like,  across  the  neck  of  pterygium  to  remove 
all  this  separated  triangle.  Whenever  this  is  done  the  ocular  con- 
junctiva retracts  strongly,  leaving  a semi-circular  bared  area.  At  the 
inner  curved  margin  of  this  area  make  a short  snip  in  an  upward 
and  inward  direction,  length  about  2-3  cm.  according  to  loss  of 
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substance  entailed,  including  both  conjunctiva  and  episcleral  tissues. 
This  incision  is  then  continued  in  an  oblique  line,  longer  where  a 
larger  flap  is  needed,  upwards  and  slightly  outwards  so  that  the  base 
of  the  flap  thus  made  is  consideral)ly  longer  than  the  2-3  mm.  side  of 
flap.  Dissect  up  this  flap  with  its  episcleral  tissue  and  slide  it  around 
towards  the  limbus  so  that  the  semi-circular  part  comes  close  up  to 
the  inner  limbus,  where  it  is  securely  sutured,  another  suture  being 
put  in  at  the  angle  of  the  flap  and  another  two  further  up-in.  Re- 
move sutures  on  the  sixth  day ; expect  to  find  flap  swollen  consider- 
ably, but  this  swelling  disappears  within  four  to  six  weeks. 

Troncoso  says  that  the  operation  can  be  readily  done  and  that 
it  gives  better  results,  but  the  conjunctiva  must  be  healthy  to  start 

witli.  [OpK.  Review  abstract.  May,  1915.] 

The  Ophthalmoscope  (1915-1916)  also  gives  in  abstract  a number 
of  new  or  modified  methods  of  operating  on  pterygium.  Among  these 
is  the  procedure  of  Terson  {Archives  d’Ophtalm.,  March,  1911).  The 
writer  differentiates  two  types  of  pterygia,  namely,  pterygium  com- 
plete or  the  centripetal  form,  and  a second  more  benign  and,  so  to 
speak,  centrifugal  form.  In  pterygium  complete,  in  addition  to  the 
elements  usually  found,  there  may  be  added  a vascular  development, 
sometimes  very  intense,  giving  an  angioid  aspect  and  suggesting  an 
angio-fibroma.  These  are  clinically  neoplastic,  and  constitute  a tu- 
mor, they  grow  like  a tumor,  and  must  be  operated  on  as  a recurrent 

tumor.  . ...  • • V • 

The  so-called  centrifugal  form  is  one  in  which  the  pterygium  is  tri- 

an<^ular  with  its  base  to  the  cornea,  which  does  not  encroach  upon 

tlmt  structure.  In  such  Terson  has  only  found  a bandelette  of 

sclerosed,  and  but  little  vascular,  tissue.  It  grows  only  by  its  being 


eontinuallv  nipped  between  the  lids. 

The  etiology  of  pterygium  is  far  from  satisfactory,  for  whilst  noting 
the  frequency  of  its  occurrence  in  dusty  trades,  the  author  has  a so 
met  with  it  in  hall-porters,  teachers,  etc.,  and  in  occupations  with  but 
little  chance  of  exposure  to  physical  agents.  He  consMers,  never- 
theless, that  amongst  subjects  predisposed  to  the  condition,  physica 
agents  constitute  the  chief  cause  of  the  lesion,  and  suggests  that  t le 
sclerosing  process  which  takes  place,  may  be  compared  with  the  con- 
dition which  obtains  in  Dupuytren’s  contraction  of  the  palmar  fascia. 

The  arthritic  and  gouty  diatheses,  especiaUy  with  chronic  alcohol- 
ism, are  also  factors,  and,  as  with  pinguecula,  there  appears  to  be  in 
some  families  a hereditary  tendency  to  the  disease. 

With  Brault’s  theory  in  mind  as  to  the  presence  of  glycogen  in 
tumors,  from  the  point  of  view  of  prognosis,  Terson  has  searched  for 
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this  substance  in  large  pterygia,  hut  has  been  able  only  once  to  obtain 
some  evidence  of  its  existence. 

Terson’s  operation  is  as  follows. — Under  cocain  and  adrenalin,  the 
pterygium  is  seized  at  a reasonable  distance  from  the  caruncle  with  fixa- 
tion forceps  such  as  are  usually  employed  for  cataract  extraction; 
incisions  are  made  with  narrow,  sharp  scissors,  and  should  form  three 
sides  of  a rectangle;  the  fourth  side,  horizontally  placed  and  below, 
is  not  cut,  but  forms  the  base  of  a flap  of  conjunctiva,  which  is  aftei’- 
wards  used  to  cover  the  area  denuded  by  being  sutured  to  the  upper 
horizontal  edge  of  the  wound.  The  head  of  the  pterygium  is  re- 
moved by  dissecting  carefully  with  a fine  scalpel,  using  that  part  of 
the  blade  close  to  the  point,  rather  than  the  point  itself,  in  order  to 
avoid  leaving  behind  debris.  The  underlying  corneal  stroma  is  lightly 
curetted,  until  it  appears  as  transparent  as  possible,  without  going  too 
deeply,  and  is  finally  cauterized  with  the  galvano-cautery.  The  pte- 
rygium is  then  removed  and  the  wound  closed  by  drawing  up  the  con- 
junctiva from  below,  approximating  it  to  the  upper  horizontal  line  of 
incision.  Sutures,  usually  about  three,  of  fine  silk  (000)  or  of  finest 
reindeer-tendon,  are  used  to  fix  the  flap,  and  should  be  placed  deeply 
enough  to  involve  the  sclera. 

The  silk  sutures  will  cut  out  after  the  sixth  day,  or  if  not,  should 
be  removed,  although  not  all  at  the  same  time;  those  of  reindeer- 
tendon  are  left  slowly  to  absorb.  Both  eyes  are  covered  for  three 
days. 

The  chief  advantages  claimed  for  the  operation  rest  in  the  fact  that 
the  sutures  lie  protected  by  the  upper  lid,  and  that  a new  area  of 
conjunctiva  is  brought  up  to  take  the  place  of  that  occupied  by  the 
pterygium.  The  immediate  result  is  stated  to  be  very  satisfactory. 
The  author  has  records  of  cases  of  five  or  six  years’  standing  without 
a recurrence.  If  such  takes  place  in  the  cornea,  and  does  not  yield 
to  yellow  ointment  or  Darier’s  mercurial  lanoline,  simple  and  careful 
curetting,  repeated  at  long  intervals,  will  often  suffice  to  keep  the 
lesion  in  check. 

P"or  the  large  invading  pterygia,  if  electrolysis  and  fibrolysin  have 
been  nnsucces.sful,  radio-therapy,  more  particularly  radium,  should 
be  tried,  and,  failing  these  means,  a plastic  operation  similar  to  that 
which  may  be  necessary  in  symblepharon,  should  be  considered. 

G.  A.  Cazalis  {La  Glmiqiie  Ophtalmologique,  Sept.,  1914),  describes 
his  operation  as  follows:  The  pterygium  is  detached  pretty  much 
in  the  u.sual  way,  the  basal  incision  not  being  carried  too  far  back. 
The  bed  of  the  growth  is  then  most  scrupulously  cleared  of  all  tags 
of  tissue  by  curetting,  cauterizing,  and  then  apparently  scraping 
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again  with  a very  sharp  knife,  used  after  the  manner  of  a plane. 
After  this  the  upper  conjunctival  region  is  raised  in  the  form  of  a 
flap  by  two  incisions  parallel  with  the  corneal  limbus.  The  corneal 
edge  of  this  flap  is  then  turned  in  so  as  to  make  a hem  which  shall 
face  the  cornea  instead  of  a raw  surface  facing  the  cornea.  The 
flap  is  next  carried  well  down  below  the  level  of  the  still  attached 
lower  portion  of  the  conjunctiva,  and  therefore  well  below  the  origi- 
nal attachment  of  the  pterygium,  and  stitched  there.  According 
to  the  author,  this  operation  is  a safeguard  against  relapses. 

Pterygium  carnosum.  Pterygium  crassum.  A thick,  vascular,  mus- 
cle-like form  of  the  disease. 

Pterygium  cyst.  Motolese  {Ophth.  Y ear-Book,  p.  120, 1913)  has  studied 
histologically  a cyst  in  a pterygium.  The  growth,  which  extended 
almost  to  the  pupillary  margin,  contained  a cyst  of  the  size  of  a 
hemp  seed,  and  straddled  the  limbus.  The  posterior  wall  of  the  cyst 
was  adherent  to  the  cornea  and  episclera.  The  connective  tissue  of 
the  pterygium  was  rich  in  plasma  cells.  The  main  cyst  was  lined 
with  endothelium.  Adjacent  to  it  was  a smaller  cyst,  which  appar- 
ently consisted  of  a dilated  glandular  tubule,  and  was  lined  by  two 
layers  of  epithelial  cells— a superficial  one  of  cylindrical  cells  and 
a deeper  of  cuboidal  cells.  See,  also.  Pterygium. 

Pterygium,  Familial.  This  is  a very  rare  occurrence,  but  Armaignac 
(La  Clinique  Ophtalniologique,  July,  1914),  gives  the  following  his- 
tory of  twenty-two  persons  in  three  generations.  Of  these,  nine 
have  either  been  lost  sight  of  or  died  in  infancy.  Of  the  remaining 
thirteen,  eight  have  or  have  had  pterygium.  The  proportion  may 
yet  become  greater  as  the  third  generation  grows  up.  At  least  two 
out  of  the  eight  had  quadruple  pterygium.  It  has  not  been  possible 
to  attribute  the  occurrence  of  these  cases  to  any  of  the  ordinary 
causes,  and  Armaignac  is  convinced  that  it  is  a case  of  hereditary 
transmission  of  a blemish  of  anatomical,  pathological,  or  cosmetic 
character,  such  as  one  sees  so  often,  and  of  which  the  real  nature  re- 
mains profoundly  mysterious. 

Pterygium  membranaceum.  (L.)  Pterygium  tenue. 

Pterygium  pingue.  Pinguecula. 

Pterygium  tenue.  The  thin,  generally  old,  atrophic  form  of  the 
growth. 

Pterygium  sarcomatosum.  Same  as  pterygium  carnosum. 

Pterygium  vasculosum.  Pterygium  carnosum. 

Ptiloma.  The  bared  part  of  the  eyelid  caused  by  ptilosis. 

Ptilosis.  Madrosis  ciliaris.  Alopecia  ciliaris.  A falling  out  or  loss 

of  the  eyelashes. 
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P.  T.  0.  Abbreviation  for  Ger.  Perlsucht  tuberculin  original,  or  Klem- 
perer’s tuberculin. 

Ptomaines,  Oculotoxic  elffects  of.  Botulism.  Allantiasis.  It  has 
been  known  for  a very  long  time  that  food  which  has  undergone 
putrefaction  may,  under  certain  circumstances,  act  as  a violent  poison, 
setting  up  severe  catarrh,  and  producing  symptoms  of  a more  general 
nature.  Stale  mussels,  fish  and  sausages  have  even  a popular  reputa- 
tion on  account  of  their  poisonous  qualities.  A ptomaine  was  first 
obtained  by  Marquardt  in  1865,  and  described  by  him  as  similar  to 
conine ; in  1869  Siilzer  and  Sonnenschein  isolated  a crystallizable  pto- 
maine which  resembled  in  its  qualities  atropine  and  hyoscyamine.  Of 
recent  years  attention  has  been  called  to  this  question  from  another 
point  of  view,  and  one  of  special  interest  to  the  medical  jurist.  At  a 
trial  at  Rome,  on  the  occasion  of  a supposed  murder,  a material  was 
extracted  from  the  body  which  had  markedly  poisonous  qualities,  sim- 
ilar to  those  of  delphinine.  It  was  supposed  by  those  who  undertook 
the  prosecution  that  this  poison  had  been  administered  to  the  deceased, 
but  on  the  side  of  the  defense  it  was  pointed  out  that  the  extract,  though 
similar  in  some  respects  to  delphinine,  was  in  others  quite  distinct, 
producing  on  the  frogs  heart  very  ditferent  effects. 

Attention  having  been  called  to  the  subject,  scientific  investigators, 
esi>ecially  those  of  Italy  and  Germany,  busied  themselves  in  extract- 
ing these  poisonous  materials,  ptomaines  (Gr.  ptoma,  “a  corpse”), 
from  putrescent  animal  matters,  and  investigating  both  their  chem- 
ical and  physiological  properties.  These  ptomaines  can  hardly  be  said 
to  form  a very  distinct  group  of  bodies  from  a chemical  point  of  view, 
for  some,  like  putrescine  and  cadaverine,  are  amines ; others  are  amido- 
acids,  like  creatinin,  and  neurine,  which  has  choline  and  muscarine 
closely  allied  to  it,  is  triinethyl-vinjdammonium-hydroxide.  It  can- 
not even  be  said  to  possess  an  alkaline  reaction,  at  one  time  supposed 
to  be  a common  property  of  all  ptomaines,  and  one  which  related 
them  to  the  vegetable  alkaloids,  for  Salkowski  showed  that  creatinin, 
a body  that  has  been  long  known  and  apparently  carefully  investi- 
gated, w’hen  obtained  pure  gives  no  reaction  with  litmus-paper,  nor 
does  it  jjossess  the  powder  of  combining  with  acids  like  a base.  Brieger, 
who  first  showed  that  alkaloids  were  formed  by  bacteria  under  a 
variety  of  conditions,  and  that  some  of  them  were  poisonous,  sub- 
sequently recognized  that  though  organic  bases  may  be  formed  and 
may  be  toxic,  the  important  toxins  do  not  belong  to  that  category ; 
rather  was  it  probable  that  the  extra-cellular  toxins  of  diphtheria, 
tetanus,  and  other  such  diseases  were  of  proteid  nature.  {Stn'ndnrd 
Encyclopedia.) 
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iTie  effects  of  acute  ptoinaine  intoxication  on  the  eye  are  marked 
and  quite  definite.  The  subject  is  fully  treated  under  Toxic  ajnblyo- 
pia.  See,  also,  Fish  poisoning,  p.  5208,  Vol.  VJ I of  this  Encijclopedia. 

Bull  {Prac.  Med.  Series,  Eye,  p.  124,  1907)  has  reported  two  cases 
of  choroidal  lesion  due  to  ptomaine  poisoning.  The  first,  of  a girl  of 
14,  had  been  seriously  ill  with  vomiting,  diarrhea,  increased  tempera- 
ture, rapid  pulse  and  profound  prostration  and  delirium.  Large  pem- 
phigoid bullaj  appeared  on  the  trunk  and  extremities.  Six  weeks 
after  the  attack  her  eyes  were  examined.  The  pupils  were  dilated,  iris 
immovable,  and  total  paralysis  of  the  accommodation.  Optic  nerves 
pale.  Scattered  all  over  the  fundus  of  both  eyes  were  patches  of  yel- 
lowish-white exudation  in  the  choroid  of  varying  size  and  shape,  very 
fiat,  with  scarcely  any  elevation  above  the  general  fundus.  They  were 
in  different  stages.  The  older  patches  were  surrounded  by  a reddish 
margin,  but  there  were  no  pigment  masses  anywhere.  There  were 
no  scotomata  and  no  limitation  of  the  field  of  vision.  The  ophthalmo- 
scopic picture  did  not  suggest  syphilis  and  no  history  of  it  was  ob- 
tained. The  patient  got  well  under  iron,  strychnia  and  arsenic.  The 
second  case  was  in  a young  lady  of  27.  The  attack  of  poisoning  was 
similar  to  the  other.  The  eye  findings,  too,  were  quite  the  same  as  in 
the  first  case,  with  the  addition  of  some  faint  peripheral  strife  in  both 
lenses.  In  this  case  also  there  was  no  hint  of  syphilis.  She  was  at 
first  put  on  mixed  treatment,  including  inunctions,  but  owing  to  the 
anemia  this  was  charged  to  iron  and  arsenic,  which  were  given  later 
with  strychnia.  This  case  also  recovered;  even  the  opacities  in  the 
lenses  disappeared. 

Ptosed.  Affected  with  ptosis;  prolapsed. 

Ptosis.  Drooping  of  the  upper  eyelid.  This  condition  should  be 
studied  only  after  a careful  perusal  of  the  anatomy  and  histology  of  the 
eyelids.  See  p.  342,  Vol.  I,  as  well  as  p.  5944,  Vol.  VII  of  this  Encij- 
clopedia.  For  readier  reference  to  the  various  sub-captions  of  this 
section  the  following  list  is  presented,  and  the  subjects  will  be  dis- 
cussed in  the  order  given : Acquired  ptosis — Pseudo-ptosis — Treat- 
ment—Hunt’s  operation — Operation  of  Dransart — Operation  of  Pa- 
genstecher — Mules’  operations  for  ptosis — Worth’s  operation — Har- 
man’s operation — de  Weeker’s  operation — Operation  of  Hess — Lau- 
dolt’s  operation  for  ptosis — Operation  of  Panas — Allport’s  modifica- 
tions of  Panas’  operation — Orimsdale’s  modifications  of  Panas’  oper- 
ation— Tansley’s  openition  for  ptosis — Operation  of  Rollet  for  ptosis 
— Operation  of  Darier — Operation  of  Fergus — Operation  of  Angel- 
ucci — Operation  of  Sourdille — Bowman’s  operation  for  ptosis — Oper- 
ation of  Eversbusch — Snellen’s  operation — Wollf ’s  operation  for  ptosis 
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—Operation  of  Lapersonne — Elsehnig’s  operation  for  ptosis — Opera- 
tion of  Gillet  de  Grandniont — Beard’s  operation  for  ptosis — Wilder’s 
operation  for  ptosis — Operation  of  Motais — Parinaud’s  operation — 
Summary. 

Congemial  ptosis.  This  anomaly  is  sometimes  hereditary.  It  usu- 
ally affects  both  upper  eyelids  and  is  frequently  associated  with  other 
defects,  such  as  weakness  of  the  superior  rectus,  s(iuint,  microphthal- 
mus  or  epicanthus.  In  congenital  ptosis  there  may  be  defective  devel- 
opment or  complete  absence  of  the  levator  muscle  and  this  may  be 
associated  with  an  inability  to  look  upward,  owing  to  defective  inner- 
vation, imperfect  development  or  absence  of  the  superior  rectus. 

Cases  of  congenital,  mostly  unilateral,  ptosis  have  been  observed  in 
which  the  lid  cannot  be  elevated  in  the  natural  manner,  but  as  soon 
as  the  patient  opens  the  mouth  or  moves  the  lower  jaw  to  one  side  or 
the  other,  the  lid  is  raised  completely,  and  remains  so  until  the  action 
of  the  jaw  is  discontinued.  See  Jaw- winking. 

Acquired  ptosis.  This  condition  is  due  either  to  some  injurj-  of 
the  levator  or  to  a lesion  of  the  nerve  or  nerve  center  supplying  it. 
As  the  levator  palpebrae  is  supplied  by  a branch  of  the  third  nerve, 
ptosis  frequently  accompanies  paralysis  of  other  ocular  muscles  sup- 
plied by  this  nerve.  The  lesion  may  be  either  in  the  trunk  of  the  nerve, 
in  its  nucleus  or,  possibly,  in  the  cortex  of  the  cerebrum. 

A slowly-appearing,  progressive,  partial  ptosis  is  sometimes  observed 
in  women  about  the  time  of  the  menopause,  or  in  elderly  people,  that  is 
probably  due  to  a form  of  atrophy  of  the  levator. 

Pseudo-ptosis.  Drooping  of  the  lid  occasioned  by  swelling  from 
edema,  tumors  and  elephantiasis  should  not  be  classed  with  cases  of 
genuine  ptosis.  So,  too,  the  slight  drooping  of  the  lid  so  frequently 
seen  in  trachoma  is  due  more  to  the  additional  weight  of  the  lid,  com- 
bined probably  with  paresis  of  the  muscle  of  Muller. 

The  condition  known  as  ptosis  adiposa  is  the  result  of  a relaxed 
skin  which  hangs  down  like  a fold  over  the  free  border  of  the  lid,  and 
becomes  more  noticeable  when  the  lid  is  drawn  upward.  This  is  due 
to  the  lack  of  rigidity  of  the  fascial  fibers  of  the  levator  tendon,  that 
pass  forward  between  the  bundles  of  the  orbicularis  muscle  to  be 
attached  to  the  skin  of  the  eyelid. 

All  of  these  forms  should  be  classed  under  the  head  of  pseudo-ptosis 
in  contradistinction  to  true  ptosis,  ojierations  for  which  are  here  to  be 
considered. 

In  cases  of  comj)lete  ptosis,  the  coi'iiea  is  covei’cd  and  vision  is  im- 
possible unless  the  lid  is  raised  either  with  the  hand  or  with  some 
mechanical  a|)pliance  such  as  a spi’ing  attached  to  a spectacle  frame. 
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In  double  partial  ptosis,  the  patient’s  head  takes  a characteristic 
backward  pose  to  enable  him  to  look  under  the  lid  border,  and  at  the 
same  time  the  forehead  is  wrinkled  and  the  eyebrows  raised  in  an  at- 
tempt to  aid  the  weakened  levator  by  the  action  of  the  frontalis. 

Treatment  of  the  various  forms  of  ptosis.  The  treatment  of  ptosis 
will  depend  upon  the  nature  of  the  trouble.  Some  cases  of  acquired 
ptosis  may  be  relieved  by  non-operative  treatment. 

Frequently  paralytic  ptosis  has  a syphilitic  origin,  and  may  be  rem- 
edied by  appropriate  anti-syphilitic  measures,  if  treatment  is  begun 
in  time.  If  this  is  unsuccessful,  the  advisability  of  an  operation  will 
be  determined  by  the  degree  of  the  ptosis,  and  whether  or  not  it  is 
associated  with  paralysis  of  some  of  the  other  ocular  muscles.  If  the 
latter,  it  may  be  better  to  let  the  drooping  lid  remain  rather  than  to 
raise  it  by  an  operation  and  so  subject  the  patient  to  an  annoying 
diplopia.  Electrical  treatment,  massage,  and  other  measures  should 
be  tried  before  resorting  to  operation  in  such  cases. 

Numerous  mechanical  devices  have  been  used  at  various  times  to 
hold  up  the  drooping  lid,  and  in  late  years  Goldzieher  {Centrdbl  f. 
prak.  Augenheilk.,  1890,  p.  34),  Kauffmann  (CentralU.  /.  prak.  Aug- 
enheilk.,  March,  1893)  and  Meyer  {Archiv.  f.  Augenheilk.,  1893,  Vol. 
XXVI,  2,  p.  153)  have  revived  this  form  of  treatment.  The  support 
for  the  lid  is  generally  attached  to  some  form  of  spectacle  frame,  ad- 
justed to  suit  the  individual  case.  Such  expedients  are  merely  tem- 
porary, and  need  only  be  alluded  to  in  this  connection. 

In  traumatic  ptosis  due  to  division  of  the  levator  or  its  tendon  from 
a wound  of  the  eyelid,  the  divided  ends  of  the  muscle  or  tendon  should 
be  carefully  searched  for  and  reunited  by  catgut  sutures,  before  the 
wound  in  the  lid  is  closed. 

In  the  congenital  forms,  the  advisability  of  an  operation  will  de- 
pend upon : 1st.  The  degree  of  the  deformity.  2nd.  Whether  bilateral 
or  unilateral.  3rd.  Condition  of  the  sight  and  of  the  ocular  muscles 
of  the  affected  eye. 

Naturally,  if  the  ptosis  (of  one  lid  or  both)  is  slight  and  is  not 
enough  to  interfere  with  vision  of  the  eye,  the  only  reason  for  an  op- 
eration would  be  a cosmetic  one.  The  same  might  be  said  of  complete, 
unilateral  ptosis  of  a markedly  amblyopic  eye,  or  of  one  whose  ex- 
trinsic muscles  are  so  affected  as  to  prevent  binocular  single  vision  if 
the  lid  were  raised. 

The  question  of  the  best  operative  procedure  in  cases  of  ptosis,  iu 
which  operation  is  deemed  advisable,  will  depend  largely  upon  the 
degree  of  power  still  remaining  in  the  levator  palpebrae.  If  the 
muscle  still  retains  some  degree  of  power  in  raising  the  lid  this  may  be 
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increased  by  so  changing  its  point  of  insertion  in  the  lid  that  it  may 
act  to  better  advantage.  If,  however,  this  muscle  is  powerless,  as  it  is 
frequently  in  complete  congenital  ptosis  and  in  some  of  the  paralytic 
cases,  reeoui*se  will  be  necessary  to  those  forms  of  operation  which 
aim  to  raise  the  lid  by  substituting  for  the  levator  the  action  of  other 
muscles.  It  is,  therefore,  extremely  important  to  determine  not  only 
the  exact  nature  of  the  deformity,  but  the  relative  strength  of  the 
levator.  The  former  can  usually  be  done  by  the  history  of  the  trouble 
and  the  degree  of  it.  The  latter  can  be  easily  determined,  as  suggested 
by  Grimsdale  and  Brewerton  (A  Text  Book  of  Oplithahmc  Opera- 
tions, 1907,  p.  53),  by  firmly  depressing  the  eyebrow  of  the  affected 
side  so  as  to  control  the  power  of  the  frontalis  muscle  upon  the  lid,  and 
then  noting,  when  the  patient  is  asked  to  open  the  eye,  whether  there 
is  any  motion  of  the  lid  upward.  If  so,  it  is  evidence  that  the  levator 
is  still  active. 

The  numerous  operations  that  have  been  devised  for  ptosis  is  evi- 
dence of  the  difficulty  in  satisfactorily  correcting  this  condition.  In 
considering  these  various  methods  the  following  classification  has  been 
adopted,  partly  because  it  indicates  somewhat  the  chronological  order 
in  wffiich  the  various  procedures  were  developed,  and  also  presents  first 
for  description  those  which  aim  to  correct  the  severer  forms,  viz. : com- 
plete ptosis,  with  entire  or  almost  entire  loss  of  power  of  the  levator 
'palpebrje.  It  will  be  seen  that  some  of  the  operations  combine  opera- 
tive principles  in  two  or  more  groups.  The  classification  follows  very 
closely  that  of  Grimsdale  and  Brewerton. 


CLASSIFICATION  OF  OPERATIONS  FOR  PTOSIS 


Class  1.  Shortening  the  lid  hy  excision  of  the  skin. 


(Methods  of) 
Arabian  surgeons 
Scarpa; 

Graefe. 


(Modification  by) 
Hunt. 


Class  IJ.  Substituting  the  action  of  the  frontalis  muscle  for  that  of 
the  levator  palpebrce. 

Group  a.  By  means  of  sutures. 


(Methods  of) 
Dransart 
Bagenstecher. 


(Modification  by) 


Dehenne ; 
Gayet; 
Birnbaehcr ; 
Mules; 
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Group  b.  By  flaps  of  skin. 
(Methods  of) 
Panas 


Worth ; 
Harman ; 
de  Wecker ; 
Landolt ; 
Hess. 

(Modification  by) 
Tansley ; 
Allport ; 
Grimsdale ; 
Rollet ; 
Darier. 


Group  c.  By  attaching  a flap  of  the  frontalis  muscle  to  the  lid. 
(Methods  of) 

Fergus.  ’ 


Group  d.  By  attaching 
(Methods  of) 
Angelucci. 


the  tendon  of  the  levator  to  the  frontalis. 

(Modification  by) 
Sourdille. 


Class  III.  Advancement  of  the  point  of  insertion  of  the  levator  pal 
pehrce. 

Group  a.  By  partial  excision  of  the  tarsus  and  levator  tendon. 

(Methods  of) 

Bowman. 


Group  b.  By  folding  the  tendon. 
(Methods  of) 

Eversbusch. 


(Modification  by) 
Snellen ; 
Wolff ; 
Lapersoune ; 
Elschnig. 


Group  c.  By  excision  of  a strip 
(Methods  of) 

Bowman ; 
de  Grandmont. 


I <1  / 


of  the  tarsus. 

(Modification  by) 
Nicati ; 
Boucher  on ; 
Gruening ; 
Theobald ; 
Fergus ; 
Mayou. 


/ 
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Cambinatian  of  the  principles  of  classes  11  and  III. 

(Methods  of) 

Beard ; 

Wilder. 

Cl<jss  IV.  Substituting  fordhe  action  of  the  levator  that  of  the  superi- 
or rectus. 

(Methods  of)  (Modification  of) 

Motais ; Shoemaker ; 

Parinaud.  Wilder. 

CLASS  I.  SHORTENING  THE  LID  BY  EXCISION  OF  THE  SKIN. 

According  to  Valude  (Encyclopedie  Frangaise  d'Ophtal,  Vol.  IX, 
p.  141),  the  ancient  Arabian  operators  treated  ptosis  by  excising  a 
piece  of  skin  from  the  lid  sufficiently  large  to  effect  the  necessary 
shortening.  Scarpa  followed  the  same  practice,  but  observed  that  if 
the  skin  were  removed  from  the  lid  near  the  eyebrow  the  effect  was 
even  more  pronounced. 

Hunt  {London  Med.  Gazette,  Vol.  VII,  1830,  p.  361),  recognized 
the  principle  that  not  only  is  the  levator  palpebrae  used  in  raising  the 
lid,  but  part  of  the  frontalis  as  well.  He  states  that  ‘‘it  is  almost 
impossible  to  draw  the  eyebrow  upward  when  the  eye  is  kept  com- 
pletely closed,  and  equally  difficult  to  depress  the  eyebrow  while  the 
eye  remains  wide  open,”  and  that  “the  anterior  fibers  of  the  occipito- 
frontalis inserted  into  the  superciliary  integument  prevent  the  levator 
from  drawing  the  eyelid  too  far  backward.” 

Hunt’s  operatio7i.  A curved  incision  just  below  the  line  of  hairs  of 
the  eyebrow  is  made  through  the  skin,  extending  from  a point  over  the 
inner  angle  of  the  lids  to  one  the  same  distance  above  the  outer  angle. 
This  incision  is  joined  at  either  end  by 'one  made  parallel  to  the  lid 
margin  and  at  a sufficient  distance  above  it  to  obtain  the  desired 
degree  of  elevation  of  the  lid.  The  skin  between  these  incisions  is  then 
dissected  away,  leaving  the  fibers  of  the  orbicularis  intact,  and  the 
edges  of  the  wound  are  united  with  sutures.  The  effect  is  to  bring 
the  skin  of  the  lid  in  contact  with  that  part  of  the  skin  of  the  brow 
on  which  the  frontalis  acts.  The  operation  is  applicable  only  to  those 
eases  in  which  the  levator  is  paralyzed. 

This  is,  in  effect,  the  principle  upon  which  are  based  the  operations 
to  be  de.seribed  under  Class  IF,  and  naturally  leads  up  to  them.  As 
will  be  seen  later,  Tansley  modified  this  operation.  Graefe  {Archiv. 
f.  Ophthal.  Vol.  IX,  2,  p.  57),  made  an  incision  the  length  of  the  lid. 
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through  the  skin  and  about  4 or  5 mm.  from  the  free  border.  Sep- 
arating the  li'ps  of  the  wound,  he  then  excised  a strip  of  the  orbicu- 
laris, 5 mm.  wide,  down  to  the  tarsus  and  levator.  If  there  were  a 
redundancy  of  skin,  he  also  excised  a narrow  strip  of  it,  after  the 
manner  of  the  ancient  surgeons,  and  then  brought  the  lips  of  the 
wound  together  with  sutures  which  he  passed  through  the  skin  and 
the  edges  of  the  divided  muscle.  He  thus  aimed  to  get  a subcutaneous 
shortening  of  the  lid  and  a Aveakening  of  the  orbicularis,  to  offset  the 
weakened  levator. 

All  of  these  methods  naturally  fell  into  disuse  because  the  short- 
ening of  the  lid  prevented  proper  closure,  and  ulceration  of  the 
cornea  from  lagophthalmus  so  frequently  followed. 

CLASS  IT.  SUBSTITUTING  THE  ACTION  OP  THE  FRONTALIS  MUSCLE  FOR 
THAT  OP  THE  LEVATOR  PALPEBR/E. 

Group  a.  By  means  of  sutures. 

Dransart  {Annales  d’Oculistique,  1880,  Vol.  84,  p.  88),  was  prob- 
ably the  first  to  apply  by  means  of  sutures  the  principle  first  enunci- 
ated by  Hunt,  but  the  procedure  of  Pagenstecher,  next  to  be  described, 
was  proposed  nearly  at  the  same  time. 

Operation  of  Dransart.  An  incision  in  the  skin  of  the  upper  lid 
is  made  along  the  length  of  the  superior  border  of  the  tarsus  exposing 
it.  The  skin  of  tlie  upper  flap  is  next  separated,  by  dissecting  up  to 
the  muscle  overlying  the  eyebrow,  so  as  to  expose  the  upper  part  of 
the  orbicularis.  Then  a loop-suture  of  catgut,  armed  at  each  end 
with  a needle,  is  passed  through  the  middle  portion  of  the  superior 
border  of  the  tarsus,  the  needles  passing  from  the  superficial  to  the 
deep  surface  and  emerging  again  immediately  above  the  tarsal  bor- 
der. The  needles  then  pass  through  the  cellular  tissue  and  muscle 
under  the  eyebrow. 

In  the  same  manner  a similar  suture  is  passed,  at  a distance  of 
6 mm.  or  8 mm.,  on  either  side  of  the  middle  one.i  (See  the  figures.) 
The  sutures  are  tightened  sufficiently  to  elevate  the  lid,  and  the  ends 
are  cut  short  near  the  knot.  After  the  bleeding  has  ceased  the  flap  of 
skin  is  replaced  and  the  wound  united  with  superficial  sutures. 

As  a result  of  the  operation,  there  are  formed  along  the  line  of  the 
buried  sutures,  strands  of  connective  tissue  that  connect  the  frontalis 
muscle  directly  with  the  lid  and  thus  assist  in  raising  it. 

Operation  of  Pagenstecher-  This  operation  also  aims  to  establish 
a connection  of  the  frontalis  with  the  lid  by  means  of  sutures  and 
bands  of  cicatricial  tissue. 
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Two  double-armed  sutures  of  silk  are  passed  in  the  following  man- 
ner : One  needle  enters  the  skin  of  the  lid  at  a point  2 mm.  above  the 
free  border  and  7 nim.  or  8 mm.  from  the  angle  of  the  lid,  a.  It  trav- 
erses a course  beneath  the  skin  to  emerge  just  above  the  eyebrow  at  b. 
The  other  needle,  on  the  same  suture,  enters  the  skin  at  the  point  of 
puncture  of  the  first,  a,  and  passes  under  the  skin  in  a line  parallel 
to  the  free  border,  to  emerge  3 mm.  distant  at  a point,  c.  It  is  then 
reinstated  at  the  same  point  as  it  emerged,  to  traverse  a course  be- 
neath the  skin  parallel  to  that  of  the  first  and  to  emerge  above  the 


A B 

Dransart’s  Operation  for  Ptosis. 

A.  Incision,  (t,  b,  made  along  the  line  of  the  superior  border  of  the  tarsus, 
exposing  it.  Plap  c,  of  skin,  is  then  separated  from  the  muscle  up  to  the  eye- 
brow. 

B.  Loop-sutures,  s.  s,  J.  of  catgut  pass  through  the  upper  border  of  the  tar- 
sus, t;  then  under  the  skin  flap,  c,  and  are  attached  to  the  muscular  tissue  under 
the  eyebrow. 

brow  at  a point,  d,  3 mm.  from  the  first.  There  is  thus  placed  a sub- 
cutaneous loop.  (See  the  illustration.) 

In  a similar  manner  the  second  suture  is  passed  about  8 mm.  from 
the  other  angle  of  the  lids.  The  two  sutures  should  not  be  exactly 
vertical,  but  should  be  somewhat  farther  apart  above  the  brow  than  at 
the  lid  border.  The  sutures  are  then  tightened  sufficiently  to  raise 
the  lid,  and  are  tied  with  bow-knots  over  a roll  of  gauze  or  a piece  of 
tubing. 

All  these  stops  should  be  taken  with  the  usual  antiseptic  precau- 
tions. The  sutures  may  be  gradually  tightened,  until  they  have  cnt 
their  way  out.  If  suppuration  occur  they  should  be  removed. 
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The  effect  is  frequently  temporary,  because  the  strands  of  new 
connective  tissue  along  the  track  of  the  sutures  often  relax  and  let 
the  lid  droop  again. 

There  have  been  a number  of  interesting  modifications  of  these 
methods  of  Dransart  and  Pagenstecher  for  uniting  the  lid  to  the 
frontalis  by  means  of  sutures.  Some  operators  have  used  silk,  some 
catgut,  others  platinum  or  gold  wire. 

Dehenne  {Bulletins  et  Mem.  de  la  Soc.  frangaise  d^Oplital.,  Vol.  IX, 
1891,  p.  83),  advises  the  use  of  more  resistant  sutures  than  ordinary 


Pagenstecher ’s  Ojieration  for  Ptosis. 

Tlie  first  needle  enters  the  skin,  at  a and  passes  subcutaneously  to  b.  The 
second  needle,  on  the  same  suture,  enters  at  the  same  point,  a,  and  passes  beneath 
the  skin  to  emerge  at  c;  re-enters  at  c,  and  passes  beneath  the  skin  to  d,  in  a 
ci)urse  parallel  to  the  first. 

catgut,  and  therefore  employs  catgut  sutures  hardened  in  napthol, 
which  he  introduces  after  the  manner  of  Dransart.  He  also  makes  use 
of  platinum  sutures. 

Gayet  {Bulletins  et  Mem.  de  la  Soc.  frangadse  d’Oplital.,  Vol.  IX, 
1891,  p.  83),  uses  platinum  wires  which  he  introduces  after  the  man- 
ner of  Dransart.  When  they  are  in  place,  before  tying  them,  he  at- 
taches the  ends  of  the  loop  to  a battery  capable  of  making  them  red- 
hot,  and  thus  slightly  cauterizes  the  track  of  the  wires,  to  insure  the 
development  of  cicatricial  strands. 
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Birnbaeher  {Arcliiv  d’Oplital.,  Vol.  XII,  p.  717),  makes  an  incision 
through  the  skin  of  the  lid  corresponding  to  the  superior  border  of 
the  tarsus,  which  is  exposed  in  nearly  its  whole  length. 

Three  double-armed  sutures  of  silk  are  passed  through  the  superior 
border  of  the  tarsus,  7 mm.  apart.  They  are  then  passed  subcutane- 
ously, to  emerge  above  the  eyebrow,  where  each  loop  is  held  around  a 
roll  of  gauze  or  a piece  of  tubing.  They  are  left  in  place  for  at  least 
three  weeks.  This  operation,  instead  of  being  a new  procedure,  is 
almost  identical  with  that  of  Dransart,  with  the  slight  dilferenee  that 
the  sutures  are  tied  above  the  brow,  where  they  can  be  removed  in- 
stead of  being  buried. 


Mules’  Operation  for  Ptosis. 


n,  c,  a short  incision,  3 min.  in  length,  above  the  eyebrow;  h,  d,  incision  7 mm. 
in  length,  in  the  margin  of  the  lid.  An  inserted  gold  wire  emerges  at  a,  c,  and 
forms  the  loop,  h,  d,  buried  at  the  lid  margin. 


The  following  operation  of  Mules  is  in  some  respects  similar  to  that 
of  Pagenstecher. 

Mules’  operation  for  ptosis.  An  incision  is  made  in  the  middle  of 
the  lid  margin,  about  6 or  7 mm.  in  length,  just  anterior  to  the  row  of 
openings  of  the  Meibomian  glands.  This  incision  need  not  be  more 
than  3 mm.  in  depth.  A small  incision,  3 or  4 mm.  in  length,  is  made 
a few  millimeters  above  the  eyebrow  in  a line  vertical  with  the  incision 
in  the  lid  margin.  A loop  of  gold  is  then  passed  in  the  following  man- 
ner:— A special  needle,  with  the  eye  near  the  end,  is  passed  from 
the  nasal  end  of  the  small  incision  above  the  eyebrow  beneath  the  skin, 
to  emerge  at  the  inner  end  of  the  intermarginal  incision  b.  The  gold 
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wire  is  threaded  into  the  needle  and  drawn  back  with  it  so  as  to  emergt 
at  a.  The  needle  is  again  passed  through  the  other  end  of  the  siJper- 
ciliary  incision,  c,  to  come  out  at  the  temporal  end  of  the  intermar- 
ginal incision,  d,  where  it  is  again  threaded  with  the  other  end  of  the 
wire,  which  is  drawn  up  beneath  the  skin  of  the  lid.  There  is  thus 
formed  a loop  of  wire  which  sinks  into  the  margin  of  the  lid.  The 
ends  are  then  drawn  up  slightly  more  than  is  neces-sary  to  produce  the 
desired  elevation  of  the  lid,  and  are  twisted  over  a probe,  which  is 


Worth’s  Operation  for  Ptosis. 

a,  b,  and  e,  d,  arq  intermartginal  incisions  in  the  gray  line,  4 mm.  in  length, 
2 imn.  in  depth;  v,  a small  puncture-incision  above  the  shaved  brow.  The  first 
needle  passes  from  b to  v,  is  reinserted  at  v,  and  emerges  at  c;  then  inserted  at 
a,  10  emerge  at  x,  and,  finally,  at  y.  The  other  needle  passes  from  a to  u,  and 
finally  crosses  to  z.  Traction  on  the  sutures  at  u and  x,  elevates  the  lid  to  the 
required  extent,  and  the  sutures  are  fixed  by  passing  them  on  to  y and  z. 


laid  across  the  small  skin  incision  above  the  brow.  The  ends  are  then 
cut  short  and  the  probe  withdrawn,  when  the  loop  sinks  into  the  little 
wound,  which  may  then  be  closed,  if  necessary,  with  a suture.  There 
is  thus  produced  a loop  that  acts  as  a permanent  tendon. 

The  advantages  urged  for  this  method  are  its  simplicity,  the  absence 
of  scar  and  the  short  time  of  convalescence.  The  contention  that  the 
metellie  foreign  substance  is  liable  to  be  extruded  because  of  the  mo- 
tion of  the  lids  is  met  by  the  statement  of  Grimsdale  and  Brewerton 
{A  Textbook  of  Ophthalmic  Operations,  p.  64),  that  they  have  not 
known  this  to  take  place  when  the  wire  is  properly  introduced  and 
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firmly  enough  twisted,  with  the  ends  sufficiently  buried  in  the  little 
wound. 

W&rth’s  operation.  Worth  {The  Ophthalmoscope,  Vol.  I,  p.  13), 
modifies  the  O'peration  of  Mules  by  using  kangaroo  tendon  specially 
prepared  by  splitting  and  scraping  it  (to  make  it  smooth),  then  soak- 
ing it  in  ether  (to  remove  the  grease)  and,  finally,  in  a solution  of 
biniodid  of  mercury.  It  is  lubricated  with  sterilized  vaseline.  In 
passing  it  subcutaneously  it  takes  a long  course  to  avoid  making  a 
knot  in  the  suture. 

The  eyebrow  is  shaved.  Two  small  incisions,  about  4 mm.  in  length, 
are  made  in  the  gray  line  of  the  lid,  about  3 mm.  on  either  side  of  the 
middle  of  the  lid  margin,  a,  b,  and  c,  d,  as  shown  in  the  figure.  The 
suture  is  threaded  on  two  firm  Hagedorn  needles.  The  first  needle 
enters  the  end  of  the  intermarginal  incision,  b,  and  passes  subcutane- 
ously to  the  little  incision  above  the  brow  at  v.  It  is  re-introduced 
here  and  passes  beneath  the  skin  of  the  lid,  to  emerge  at  the  inner 
end  of  the  other  intermarginal  incision  at  C.  This  makes  a loop, 
b,  v,  c. 

The  first  needle  now  enters  the  outer  end  of  the  marginal  incision, 
d,  and  passes  subcutaneously  to  x,  while  the  needle  on  the  other  end  of 
the  suture  enters  at  the  outer  end  of  the  other  marginal  incision  at  a, 
and  emerges  at  u,  the  course  of  these  diverging  slightly.  By  slight 
traction  on  the  loops  at  a,  b,  and  c,  d,  the  point  of  attachment  at  v 
is  sunk  into  the  tissues,  and  then  by  traction  on  the  suture  at  u and  x 
the  loops  are  drawn  into  the  intermarginal  incisions  and  the  lid  is 
raised  to  the  extent  desired.  Finally,  the  needles  are  re-introduced 
at  their  points  of  emergence,  u,  and  x,  and  are  passed  subcutaneously 
across  the  eyebrow,  emerging  at  y and  z respectively,  where  they  are 
cut  .short  that  they  may  retract  beneath  the  skin.  No  scar  is  left  and 
the  results  obtained  by  the  method  are  said  to  be  good. 

Harman^s  operation.  Harman  {The  Ophthalmoscope,  Vol.  1,  p. 
137),  instead  of  the  kangaroo  tendon,  which  is  difficult  to  prepare, 
u.sed  a delicate  gold  chain  of  the  kind  known  as  “wove  chain,”  strong 
enough  to  su.stain  a weight  of  15  pounds.  A bayonet-shaped,  4-inch, 
abdominal  needle  was  u.sed,  and  either  soldered  to  the  chain  or  at- 
tached to  it  with  a silk  thread.  It  was  passed  in  the  following  man- 
ner, indicated  in  the  diagram. 

The  needle  is  inserted  into  the  skin  at  a point  near  and  above  the 
nasal  end  of  the  eyebrow,  a.  It  then  passes  beneath  the  skin  and 
muscle  to  b,  external  to  the  middle  of  the  brow,  where  it  emerges. 
About  6 inches  of  the  chain  is  drawn  through — enough  to  complete 
the  suture.  The  needle  is  reintroduced  at  the  pont  of  emergence,  b, 
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and  follows  a vertical  path  beneath  the  skin  to  a point,  c,  a few  milli- 
meters above  the  lid  margin,  where  it  is  again  brought  out,  and  the 
chain  drawn  through.  It  is  reinserted  at  this  point  of  exit,  and  passed 
to  the  point,  d,  in  a course  parallel  to  the  lid  border;  the  needle  in 
this  course  passing  through  the  tarsus.  From  the  point,  d,  the  chain 
passes  upward  in  a course  parallel  to  b,  c,  to  emerge  at  e,  above  the 
eyebrow,  where  it  is  passed  to  f,  a point  above  the  temporal  end  of 
the  eyebrow.  Traction  on  the  chain  elevates  the  lid  to  the  required 
degree,  and  the  ends  of  the  chain  are  then  cut  off  and  left  buried  in 
the  tissues.  Granulation  tissue  develops  in  the  meshes  of  the  chain 
and  it  becomes  encapsulated.  Grimsdale  and  Brewerton  state  {A  Text- 


Harman's  Operation  for  Ptosis. 

“Wove  chain”  suture  is  passed  subcutaneously  from  a to  b.  The  needle  is 
re-inserted  at  b,  passes  to  c,  then  to  d,  and  e,  and  finally  emerges  at  /.  In  its 
course  from  c to  d,  it  passes  through  the  anterior  part  of  the  tarsus.  (After 
Grimsdale  and  Brewerton.) 

hook  of  Ophtlialmw  Operations,  p.  68),  that  this  method  is  but  little 
more  difficult  than  the  Mules’  because  the  marginal  incision  is  avoided. 
They  point  out  the  necessity  for  particular  attention  to  antiseptic 
details,  to  prevent  infection  of  the  lid  tissues  by  the  chain. 

de  Wecker’s  operatwri.  de  fWecker  {Annales  d’Ociclist.,  1882,  Vol. 
liXXXlII,  p.  29),  combined  the  principles  of  the  Graefe  and  Pagen- 
steeher  operations  in  the  following  manner:  An  oval  piece  of  skin 
with  the  bundle  of  orbicular  fibers  corresponding  to  it  is  excised  by 
making  an  incision  4 mm.  or  5 mm.  from  the  lid  border  along  the 
length  of  the  lid,  a,  b,  and  joining  this  at  each  end  with  a curved  in- 
cision, c,  parallel  to  the  superior  border  of  the  tarsus.  (See  the  illus- 
trations.) 
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Two  loop  sutures  are  then  passed  at  a suitable  distance  apart,  from 
the  lower  skin  flap  of  the  eyelid  to  points  above  the  eyebrow.  Double 
armed  sutures  are  then  employed  in  the  following  manner:  One 
needle  of  the  suture  is  inserted  through  the  skin  of  the  lower  flap,  to 
emei^e  in  the  wound;  it  is  then  reinserted  beneath  the  skin  of  the 
upper  lip  of  the  wound,  to  emerge  above  the  eyebrow.  The  other 
needle,  following  a parallel  course  after  being  introduced  about  4 mm. 
or  5 mm.  from  the  first,  in  the  lower  skin  flap,  leaves  a loop  on  the 
skin  above  the  lid  border.  (In  this  respect  it  differs  from  the  Pagen- 
stecher  suture,  the  loop  of  which  is  buried.)  After  making  tlie  neces- 


de  Wecker’s  Operation  for  Ptosis. 


The  incision,  a,  b,  parallel  to  lid  border  and  4 mm.  above  it,  is  joined  by  the 
curved  incision,  a,  c,  b.  An  oval  piece  of  skin  and  the  corresponding  muscle  are 
excised.  Double-armed  sutures  pass  through  the  lower  skin  flap,  forming  loops,  ?; 
then  across  the  wound  to  enter  the  subcutaneous  tissue  of  the  upper  flap,  and 
emerge  above  the  eyebrow.  Traction  on  the  sutures  elevates  the  lid  and  closes  the 
wound. 

sary  traction  to  elevate  the  lid,  the  sutures  are  tied  over  a roll  of 
gauze  or  tubing. 

As  in  other  operations  of  this  variety,  the  sutures  may  be  first  tied 
with  a temporary  bow-knot,  so  that  the  tension  on  the.  lid  may  be  in- 
creased or  dimini.shed  after  a few  days,  as  required,  when  the  sutures 
can  be  more  securely  tied. 

Such  an  operation  is  applicable  to  those  eases  in  which  there  is 
considerable  redundancy  of  the  lid  skin. 

Operation  of  Hesa.  After  shaving  the  eyebrow,  an  incision  is  made 
along  its  whole  length  through  the  skin  only.  (See  the  figure.)  The 
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lower  skin  flap  is  then  separated  from  the  muscle  layer  by  dissec- 
tion, nearly  to  the  lid  border.  After  this  is  accomplished  the  sur- 
geon can  estimate  the  amount  of  elevation  to  be  produced  and  the 
points  where  sutures  should  be  placed  by  seizing  the  skin  flap  from 
the  inner  side  with  forceps  and  noting  the  effect.  Three  double- 
armed loop  sutures  are  then  introduced,  so  that  the  loop  will  be  ou  the 
skin  surface  at  places  determined  by  traction  with  the  forceps  men- 
tioned. {Arcliiv  f.  Aitgenheilk.,  1893,  Vol.  XXVIII,  p.  22.)  The  su- 
tures are  then  passed  beneath  the  brow,  to  emerge  1 cm.  or  more  above 
it,  where  they  are  tied  around  rolls  or  tubing.  The  skin  wound  is 


An  incision,  a,  b,  is  made  along  the  line  of  the  previously  shaved  brow.  A 
skin  flap,  c,  is  then  dissected  away  from  the  muscle  fibers  nearly  to  the  lid  bor- 
der,  as  indicated  by  the  shading*.  Loop  sutures  are  then  placed  in  the  manner 
indicated,  the  loops  being  on  the  skin  surface. 


closed  with  sutures.  The  main  sutures  are  allowed  to  remain  for  two 
weeks.  Traction  on  the  sutures  raises  the  lid,  and  the  skin  is  folded 
on  itself  in  the  position  of  the  normal  sulcus.  The  scar  is  concealed 
when  the  hair  of  the  eyebrow  grows  again. 

Laiidolt’s  operation.  Landolt  {Archives  d’Ophtal.,  1897,  Vol. 
XVII,  p.  1)  modifies  the  procedure  of  de  Weeker  in  the  following 
manner:  After  the  incision  is  made,  4 mm.  above  the  free  border  of 
the  lid  and  parallel  to  it,  the  superior  flap  of  skin  is  separated  to  the 
level  of  the  orbital  margin,  without  excising  any  of  the  skin.  Three 
loop  sutures,  double  armed,  are  then  passed  through  the  lower  lip  of 
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the  wound,  the  needles  on  each  suture  entering  about  6 min.  apart, 
and  taking  hold  of  the  tarsus.  They  are  then  passed  beneath  the  sep- 
arated skin  flap,  to  emerge  above  the  eyebrow,  where,  after  suffi- 
ciently deviating  the  lid  by  traction,  they  are  tied  with  a bow-knot  over 
a piece  of  tubing  or  gauze.  By  traction  on  the  sutures,  the  border  of 
the  lid  is  drawn  up  under  the  superior  lip  of  the  incision.  Immedi- 
ately after  the  operation  the  raw  edge  forms  the  border  of  the  lid; 
but,  according  to  Landolt,  this  edge  usually  retracts  to  its  proper  posi- 
tion. Should  it  fail  to  do  so  after  some  days,  when  cicatrization  of  the 
deeper  layer  is  sufficiently  advanced  to  show  the  effect  produced  on 
the  ptosis,  a similar  row  of  loop  sutures  is  passed  through  this  skin 
flap,  these  sutures  also  emerging  above  the  eyebrow.  Landolt  prefers 
treating  this  overhanging  skin  flap  by  a subsequent  operation,  be- 
cause, if  the  effect  of  the  first  be  insufficient,  it  may  be  increased  by 
the  second  row  of  sutures ; if  the  effect  of  the  first  operation  be  too 
great,  it  is  diminished  by  loosening  some  of  the  cicatricial  bands  at 
the  same  time  that  the  second  sutures  close  the  skin  wound. 

CLuVSS  II,  GROUP  B.  SUBSTITUTING  THE  ACTION  OF  THE  FRONTALIS  MUSCLE 
FOR  THAT  OF  THE  LEVATOR  BY  MEANS  OF  FLAPS  OF  SKIN. 

Operations  of  this  class  are  especially  applicable  to  cases  of  partial 
or  complete  ptosis,  in  which  it  can  be  demonstrated  that  the  levator 
muscle  possesses  very  little  or  no  power  to  raise  the  lid,  either  from 
a paralysis  that  has  resisted  treatment  or  from  imperfect  development 
or  absence  of  the  muscle. 

Operation  of  Panas.  In  this  well-known  operation  (Archiv.  d’Oph- 
tal,  1887,  Vol.  VI,  p.  1),  a flap  of  skin  from  the  anterior  surface  of 
the  eyelid  is  attached  to  the  frontalis  muscle.  (See  Fig.) 

The  eyebrow  is  shaved.  The  lid  is  drawn  down  over  a Jaeger 
plate,  and  a horizontal  incision,  a,  b,  is  made  from  nearly  one  com- 
missure to  the  other,  interrupted  in  the  middle,  for  8 mm.  or  10  mm., 
at  c,  d.  This  incision  follows  the  fold  of  separation  of  the  tarsal  and 
orbital  portions  of  the  lid.  From  the  inner  ends,  c,  d,  of  the  inter- 
rupted incision,  two  vertical,  parallel  incisions  are  made  that  extend 
to  the  fold  between  the  lid  and  the  eyebrow.  A horizontal  incision, 
e,  f,  joining  these  two  and  extending  1 or  2 mm.  on  either  side  of  them, 
is  then  made.  This  incision  passes  through  the  skin  and  muscle  to  the 
tarso-orbital  fascia.  The  nearly  rectangular  flap  is  then  dissected  up, 
by  separating  it  from  the  tarsus,  so  that  it  contains  fibers  of  the 
orbicularis. 

A third  incision,  g,  h,  parallel  to  the  preceding,  is  then  made  through 
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the  skin  and  deep  tissue  of  the  eyebrow,  and  the  bridge  of  tissue, 
e,  f,  g,  h,  thus  marked  out,  is  undermined.  The  distance  one  must 
place  the  incision,  g,  h,  from  f,  e,  will  depend  upon  the  degree  of  ele- 
vation of  the  lid  when  one  draws  the  flap  upward;  hence  the  degree 
of  elevation  i^  practically  equal  to  the  width  of  the  bridge.  Three 
sutures  pass  through  the  upper  edge  of  the  rectangular  flap,  then  be- 
neath the  bridge  to  the  upper  lip  of  the  incision  in  the  eyebrow.  These 


Paiias’  Operation  for  Ptosis. 


Incision  a,  h,  are  made  parallel  to  the  lid  border  and  about  on  a level  with 
the  superior  border  of  the  tarsus.  The  line  of  this  incision  is  interrupted  at  c,  d. 
from  these  points  two  vertical  incisions  are  made  up  to  the  fold  between  lid  and 
eyebrow.  These  are  joined  by  an  incision,  e,  f,  and  the  rectangular  flap  is  loos- 
ened. g,  h,  shows  the  incision  in  the  brow.  The  bridge,  e,  f,  g,  h,  is  under- 
mined, and  beneath  it  the  rectangular  flap  is  fixed  by  sutures,  s,  s,  are  loop 
sutures  taking  hold  of  the  tarso-orbital  fascia  and  emerging  above  the  brow,  b 
completed  operation.  ’ 


sutures  can  be  more  readily  passed  beneath  the  bridge  and  the  flap 
drawn  up  into  place  if  the  bridge  is  drawn  forward  with  a strabismus 
hook. 

When  the  flap  is  in  pasition  there  may  be  a tendency  to  slight 
ectropion.  To  obviate  this,  before  drawing  the  flap  beneath  the 
bridge,  Pana.s  placed  two  lateral  loop  sutures,  s,  s,  which  take  hold  of 
the  edge  of  the  tarsus  and  the  fascia  where  it  is  exposed  behind  the 
points,  c,  d,  and  emerge  above  the  brow.  Traction  on  these  tends  to 
draw  the  tarsus  straight  up.  They  may  be  tied  over  rolls  of  gauze. 
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This  operation  is  applicable  for  cases  of  complete  ptosis  in  which 
there  is  absolutely  no  power  of  the  levator.  It  will  nnqnestionably 
raise  the  lid,  but  has  the  distinct  disadvantage  that  it  places  the  skin 
surface  of  the  flap  in  apposition  with  the  raw  under  surface  of  the 
bridge.  Healing  of  this  under  surface  must  be  by  granulation,  hence 
the  recovery  is  considerably  delayed.  Furthermore,  the  little  pocket 
thus  formed  gathers  dirt  and  epithelial  scales  and  is  not  easy  to  keep 
clean. 


Grinisdale ’s  Modification  of  Pauas’  Operation. 

a,  b,  incision  above  the  eyebrow. 

c,  d,  e,  f,  short  incisions,  4 mm.  or  5 mm.  below  a,  b. 

d,  g,  and  e,  h,  vertical  incisions  extending  downward  to  the  upper  border 
of  the  tarsus  and  diverging  slightly  below. 

The  tissue  thus  outlined  is  undermined,  so  that  it  will  slide  upward  and  ele- 
vate the  lid  by  traction  on  the  sutures. 

For  these  reasons,  several  modifications  of  this  method  have  been 
suggested  that  are  real  improvements  and  make  it  a desirable  opera- 
tion of  its  class. 

Allport’s  'modificatwn  of  Panas’  operation,  see  p.  246,  Yol.  1,  of  this 
Encyclopedia. 

Grimsdale’s  modification  of  Panas’  o-peration.  Grinisdale  (A  Text- 
hooJt  of  Ophthalmic  Operations,  1907,  p.  72),  offers  his  modification 
to  avoid  the  objectionable  coaptation  of  skin  to  a granulating  surface, 
which  is  the  chief  disadvantage  of  the  Panas  operation. 
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The  first  incision  is  made  in  the  usual  way  above  the  brow.  (Pig. 
a,  b.) 

If  the  amount  of  elevation  desired  is  about  6 mm.  the  surgeon 
makes  two  shorter  incisions,  c,  d,  and  e,  f,  about  3 mm.  below  the  first 
and  separated  by  a space  of  10  mm.  From  the  inner  ends  of  these, 
two  vertical  incisions,  d,  g,  and  e,  h,  are  carried  downwards  for  about 
12  mm.,  and  then  turned  slightly  towards  the  inner  and  outer  extrem- 
ities of  the  lid.  The  whole  area  marked  out  by  these  incisions  is  then 
undermined  so  that  it  will  move  readily. 


Tansley’s  Operation  for  Ptosis. 


a,  b,  incision  above  the  brow,  12  mm.  long. 
c,  d,  incision  below  the  brow,  12  mm.  long. 

K f,  g,  ton^e  flap  of  skin  dissected  back  and  left  attached  at  g,  h. 
m,  g,  h,  o,  incision,  3 mm.  from  the  border  of  the  lid,  joined  by  n,  m and 
p,  0,  that  follows  the  line  of  the  superior  border  of  the  tarsus.  ’ 

s,  s,  sutures  in  the  end  of  the  tongue  flap  draw  it  under  the  bridge,  to  attach 
it  to  the  hp  of  the  incision,  a,  b. 

s,  s,  sutures  closing  the  wound  in  the  lid. 

B,  appearance  after  closing  the  wound. 

Two  Stout,  double-armed  sutures  are  passed  through  the  skin  be- 
tween the  vertical  incisions,  at  a distance  of  6 mm.  from  the  first  in- 
cision, and  then  upward,  under  the  loosened  skin  to  the  first  incision ; 
here  they  sink  deeply  through  the  frontalis  to  emerge  above  the  brow. 
When  tightened,  the  loose  fold  of  skin  between  the  vertical  incisions 
is  drawn  up  under  the  eyebrow,  to  be  attached  to  the  frontalis.  I’he 
sutures  are  then  tied  over  rolls. 

Tmsley’s  operation.  (Trans.  Amer.  Opkth.  Soc.,  1895,  Vol.  VII, 
Pt.  II,  p.  427.)  This  is  a combination  of  the  principles  pf  ITunt  and 
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Graefe  with  that  of  Panas,  as  shown  in  the  accompanying  figures. 

Two  vertical,  parallel  incisions,  about  6 mm.  apart,  are  made  in  the 
center  of  the  lid,  extending  from  the  orbital  margin  below  the  eye- 
brow to  points  about  4 mm.  above  the  free  border  of  the  eyelid.  At 
their  upper  ends  these  incisions  are  united  by  a horizontal  one,  c,  d, 
and  the  tongue  flap,  e,  f,  g,  h,  is  separated  by  dissection  with  knife  and 
scissors,  leaving  it  attached  at  g,  h.  This  narrow  flap  is  then  wrapped 
in  a piece  of  gauze  wet  with  warm  salt  solution,  and  the  incisions, 
h,  o,  and  g,  m,  are  made  from  the  base  of  the  flap,  parallel  to  and 
about  4 mm.  from  the  free  border  of  the  lid,  extending  a trifle  be- 
yond the  internal  and  external  canthi.  Joining  these  at  each  end  are 
two  curved  incisions,  p,  o,  and  n,  m,  that  follow  the  crease  showing 
the  upper  limit  of  the  tarsus.  The  skin  and  muscle  fibers  between 
these  incisions  are  then  excised,  leaving  the  tarsus  denuded  of  tissue. 

A short  incision,  a,  b,  8 or  10  mm.  long,  is  then  made  above  the  eye- 
brow, parallel  to  and  directly  over  the  one  below  the  brow,  c,  d,  and 
the  tissue  is  undermined  with  a Graefe  knife,  to  allow  the  passage  of 
the  end  of  the  tongue  flap. 

A strong  suture  in  the  end  of  this  flap  is  used  to  draw  it  up  be- 
neath the  brow,  and  when  it  is  sufficiently  tight  to  produce  the  re- 
quired elevation  of  the  lid  any  excess  is  cut  off  even  with  the  forehead. 
The  little  flap  is  then  united  to  the  upper  skin  incision  with  two 
fine  sutures.  Superficial  sutures  close  the  denuded  area  and  unite 
the  sides  of  the  tongue  flap  to  the  lips  of  the  vertical  wounds. 

The  sutures  are  removed  from  day  to  day,  as  seems  advisable. 

Here,  again,  there  is  the  disadvantage  of  a cutaneous  surface  be- 
ing apposed  to  a granulating  one,  but  the  operation  is  said  to  give 
excellent  results  in  cases  of  complete  ptosis. 

RoUet’s  operation.  Rollet  {Revue  gen.  d'OpJital.,  Feb.  28,  1910, 
p.  49),  endeavors  to  overcome  the  objection  of  having  a raw  surface 
in  contact  with  a cutaneous  one  by  a modification  of  the  Panas  prin- 
ciple, in  which  the  skin  flap  is  more  accurately  attached  to  the  frontal 
muscle. 

The  eyebrow  is  shaved.  A horizontal  incision  is  then  made  in  the 
orbito-palpebral  fold  about  12  mm.  in  length,  according  to  the  sub- 
ject. (See  Fig.  a,  b.)  From  this  incision  two  diverging  incisions 
pass  downwards  toward  the  border  of  the  lid.  The  flap  thus  marked 
out,  a,  b,  c,  d,  is  separated  by  dissection  from  the  underlying  parts, 
and  contains  skin  and  orbicular  muscle  fibers.  A horizontal  incision 
is  then  made  in  the  eyebrow,  about  2 cm.  in  length,  extending  to  the 
bone,  e,  f,  and  from  the  middle  of  this  a vertical  incision  is  made  be- 
tween two  horizontal  incisions.  The  upper  part  of  this  vertical  inci- 
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sion  is  as  deep  (reaching  the  bone)  as  the  superior  one,  while  the  lower 
part  is  superficial  where  it  joins  the  lower  incision. 

The  two  lateral  flaps,  x,  y,  are  then  dissected  back  and  the  corners 
trimmed  off,  to  avoid  too  great  puckering.  The  palpebral  flap  is  then 
drawn  up  to  the  required  extent,  and  it,  too,  is  trimmed  to  a somewhat 
pointed  form  with  scissors,  to  make  the  lateral  flaps  fit  it.  It  is  then 
held  in  place  by  two  layers  of  sutures,  the  deeper  ones,  of  catgut, 
uniting  the  orbicularis  muscle  fibers  in  the  flap  with  the  fibers  of  the 
frontalis;  that  can  be  seen  in  the  upper  lip  of  the  incision,  and  the 
lateral  flaps,  x and  y.  Finally,  cutaneous  sutures  of  silk  close  the 


Rollet’s  Operation  for  Ptosis. 


a,  b,  incision,  about  12  mni.  in  length,  just  beneath  the  brow. 
a,  c,  h,  d,  diverging  incisions  down  to  4 mm.  above  the  edge  of  the  lid,  mark- 
ing out  flap,''p. 

e,  f,  incision  in  the  eyebrow,  that  has  been  previously  shaved.  A vertical 
incision  joins  these  at  middle  points. 

X,  y,  lateral  flaps  that  are  dissected  back,  giving  place  for  accurate  disposi- 
tion of  the  flap  p,  which  is  slightly  trimmed  and  united  to  the  muscle  layers  by 
deep,  catgut  sutures.  Superficial  sutures  unite  the  lateral  flaps  with  the  edges 
of  the  tongue  flaps. 

wounds,  by  uniting  the  edges  of  the  lateral  flaps  with  the  edges  of  the 
tongue  flap. 

Operatiwi  of  Darier.  Darier  {Soc.  d’Ophtal.  de  Paris,  1897,  p. 
110),  endeavored  to  .secure  the  tissues  of  the  lid  to  the  frontalis  mus- 
cle by  attaching  small  strips  of  orbicularis  muscle  to  it.  This  he  did 
by  excising  a narrow  oval  strip  of  skin  from  the  eyelid.  He  then,  by 
dissection,  prepared  two  small  tongues  of  muscle  fibers  from  the  ex- 
posed orbicularis,  3 mm.  wide  and  15  mm.  long.  lie  then  made  two 
narrow  tujinels  beneath  the  eyebrow,  emerging  above  it,  and  into  these 
the  narrow  tongue  flaps  of  muscle  were  passed  and  secured  with 
sutures. 
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CLASS  II,  GROUP  C.  SUBSTITUTION  OF  THE  ACTION  OP  THE  FRONTALIS  FOR 
THAT  OP  THE  loEVATOR  PALPEBR/E  BY  ATTACHING  A FLAP  OP  THE 
FORMER  MUSCLE  TO  THE  LID. 

Operation  of  Fergus.  Fergus  {Brit.  Med.  Jour.,  March  30,  1901) 
recommends  preparing  a tougue  flap  of  frontalis  muscle  flbers  and  su- 
turing it  to  the  anterior  face  of  the  tarsus.  An  incision  is  made,  the 
length  of  the  eyebrow,  extending  upward  at  its  temporal  end.  The  up- 
per lid  of  the  wound  is  dissected  upward  for  2 or  3 cm.,  exposing  the 
frontalis  muscle.  1 he  lower  flap  of  the  wound  is  dissected  downward, 
the  orbicularis  being  included  nearly  to  the  free  border  of  the  lid,  ex- 
posing the  tarsus.  With  the  upper  lid  strongly  retracted,  the  surgeon 
prepares  a tongue-shaped  flap  of  the  frontalis  muscle  opposite  the  cen- 
ter of  the  lid,  nearly  2 cm.  broad  and  3 or  4 cm.  long,  which  is  then 
separated  from  its  attachment  at  its  lower  end.  Two  double-armed 
loop  sutures  are  passed  through  the  free  end  of  the  flap  of  muscle 
from  without  inward,  and  then  the  needles  take  a firm  hold  of  the 
tar.sal  plate,  and  finally  emerge  from  the  skin  near  the  free  margin  of 
the  lid.  The  sutures  are  tied  over  a small  piece  of  tubing,  and  the 
wound  in  the  brow  is  closed  by  ordinary  sutures. 

CLASS  II,  GROUP  D.  ATTACHING  THE  TENDON  OF  THE  LEVATOR  PALPEBEE 

TO  THE  FRONTALIS. 


This  method  is  practised  to  give  the  frontalis  a direct  attachment 
to  the  lid,  but  instead  of  drawing  the  lid  upward  and  backward  as 
the  levator  does,  it  cannot  do  better  than  draw  it  straight  upward, 
as  do  all  the  operations  in  Class  II. 

Operation  of  Angelticci.  (Compt.  rend.  XIII.  Congres  internal,  de 
Medicine,  Paris,  1900,  p.  329).  An  incision  is  made  3 or  4 mm.  be- 
neath the  line  of  the  eyebrow,  and  parallel  to  it,  about  21/2  cm.  in 
length  (see  Figure  a,  b).  The  lower  flap  is  dissected  down  to  the 
level  of  the  tarsus  and  held  back  by  retractors.  Two  or  three  mm. 
above  the  superior  border  of  the  tarsus  a horizontal  incision  is  made 

through  the  fibers  of  the  orbicularis,  to  lay  bare  the  tendon  of  the 
levator. 

The  tendon  is  then  raised  on  a strabismus  hook  and  divided  4 mm. 
above  its  attachment  to  the  superior  border  of  the  tarsus.  The  tendon 
is  then  transfixed  by  two  double-armed  loop  sutures,  the  needles  pa.ss- 
ing  from  before  backward,  and  the  loojis  are  tied  on  the  posterior 
surface  of  the  tendon,  to  prevent  the  threads  from  pulling  out. 

The  tissues  beneath  the  eyebrow  ai'e  then  separated  from  the  perios- 
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teuin  and  the  needles  are  passed  beneath,  to  emerge  on  the  skin,  2 
to  5 mm.  al)ove  the  brow.  The  sutures  are  then  drawn  sufficiently  to 
uncover  the  pupil,  and  tied  with  bow-knots  over  a piece  of  gauze  or 
tubing.  Skin  sutures  are  almost  unnecessary.  At  the  end  of  twenty- 
four  hours  the  sutures  may  be  tightened  or  loosened,  as  the  case  re- 
quires. 

This  operation  is  not  applicable  to  eases  in  which  the  tendon  of  the 
levator  is  much  atrophied,  or  is  altogether  absent. 

Operation  of  Sonrdille.  Sourdille  {La  Clinique  Ophtalmol.,  1903, 
p.  73)  modifies  this  procedure  so  as  to  preserve  the  orbitopalpebral 


a,  h,  line  of  ineision,  4 mm.  below  the  brow,  2^^  cm.  long. 
t,  superior  border  of  the  tarsus. 

I,  tendon  of  the  levator,  which  is  divided  and  held  up  by  loop-sutures,  s,  s, 
that  emerge  above  the  brow. 

fold.  He  makes  a curved  incision  214  cm.  in  length  (as  shot^m  in  the 
figure)  and  so  placed  that  the  summit  of  the  curve  will  be  about  the 
superior  border  of  the  eyebrow;  the  extremities  2 mm.  beneath  the 
inferior  border.  The  incision  extends  through  skin,  connective  tissue 
and  muscle  down  to  the  periosteum,  lly  dissecting  the  lower  flap 
downward  he  lays  bare  the  upper  part  of  the  septum  orbitale.  This 
is  divided  near  the  orbital  margin  for  a length  of  1VL>  or  2 cm. 
The  orbital  fat  that  presents  is  pushed  a.side  and  the  levator  pal- 
pebrai  seized  on  a strabismus  hook,  and  two  sutures  are  passed  through 
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it.  Tliese  are  passed  as  follows:  Each  needle,  on  a double-armed  su- 
ture, is  passed  through  the  tendon  from  behind  forwards,  the  threads 
are  then  crossed  and  the  needles  transfix  the  tendon  at  a higher 
level,  the  suture  thus  making  an  X on  the  anterior  surface  of  the 
tendon.  When  two  such  sutures  have  been  passed,  the  tendon  is 
divided. 

A pocket  is  made  under  the  eyebrow  by  separating  the  tissues  from 
the  periosteum  ^vith  a scalpel,  and  the  tendon  is  drawn  up  into  this 


Operation  of  Sourdille  for  Ptosis. 

o,  b,  curved  incision  in  the  skin,  beginning  3 mm.  below  the  line  of  the  brow 
and  extending  to  its  upper  edge. 

f,  Jowfer  flap  dissected  down  and  retracted. 

c,  d,  incision  in  the  tarso-orbital  fascia,  just  beneath  the  orbital  margin. 
t,  end  of  the  divided  tendon  of  the  levator,  through  which  are  passed  the  su- 
tures en  X,  preparatory  to  directing  them  into  the  pocket  under  the  eyebrow. 

pocket  by  passing  the  needles  attached  to  each  suture  through  the 
frontalis  muscle,  to  emerge  on  the  skin  3 or  4 mm.  from  the  superior 
border  of  the  incision. 

Each  suture  is  tied  over  a piece  of  gauze  or  tubing  with  a temporary 
knot,  so  that  the  suture  may  be  tightened  or  loosened  the  next  day, 
if  necessary.  Skin  sutures  close  the  wound,  and  the  sutures  may  be 
removed  at  the  end  of  the  seventh  or  eighth  day.  Whether  or  not  the 
tendon  will  act,  pulley-like,  around  the  margin  of  the  orbit,  as  claimed 
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by  tlie  author,  is  questionable;  the  probability  is  that  the  traction  will 
be  straight  upwards,  and  in  some  cases  with  prominent  brows  up- 
ward and  forward,  so  that  there  will  be  danger  of  throwing  the  lower 
border  of  the  lid  iiiAvard,  thus  causing  entropion, 

CLASS  III.  ADVANCEMENT  OP  THE  POINT  OP  INSERTION  OP  THE  LEVATOR 

PALPEBR^. 

In  considering  the  action  of  the  upper  lid,  which  rolls  upward  and 
backward  like  the  visor  of  a helmet  or  the  cover  of  a roll-top  desk, 
the  tarsus  may  be  regarded  as  the  continuation  of  the  tendon  of  the 
levator  palpebr®.  Hence,  for  all  practical  purposes,  the  point  of 
insertion  of  this  muscle  is  advanced  if  a part  of  the  tarsus  is  excised, 
or  if  a portion  of  the  tendon  is  removed  or  folded  on  itself.  All  op- 
erations, therefore,  that  aim  to  shorten  the  skeleton  of  the  lid  by  cut- 
ting out  a piece  of  the  tarsal  plate,  should  be  included  in  this  class. 

While  operations  of  the  preceding  class  are  applicable  to  cases  in 
which  the  levator  is  powerless,  those  now  to  be  considered  are  suitable 
to  those  cases  of  partial  ptosis  in  which  the  muscle  retains  a certain 
degree  of  power. 

Sir  William  Bowman  was  probably  the  first  to  suggest  and  put 
into  practice  the  principles  of  operation  in  this  class,  by  excising  a 
piece  of  the  tendon,  thus  shortening  it,  and  of  shortening  the  lid  by 
removing  a portion  of  the  tarsus.  These  original  operations  have 
been  modified  in  various  ways  by  Eversbusch,  Grandmont  and  others. 

CLA.SS  HI,  OROUP  A.  PARTIAL  EXCISION  OP  THE  TARSUS  AND  LEVATOR 

TENDON, 

Bowman’s  operation.  {Boyal  London  Ophthalmic  Hasp.  Reports, 
Vol.  I,  p.  34).  The  upper  lid  is  strongly  everted,  and  an  inci- 
sion is  made  through  the  conjunctiva  along  the  length  of  the  supe- 
rior border  of  the  tarsus.  The  conjunctiva  is  then  dissected  back  with 
scissors  and  forceps  so  as  to  expose  the  tendon  of  the  levator  and  the 
superior  tarsal  border.  The  tendon  is  then  seized  with  toothed  forceps, 
and  two  or  three  sutures  are  passed  through  it  at  points  about  2 cm. 
back  of  its  insertion.  It  is  then  cut  off  in  front  of  the  line  of  the 
sutures,  and  this  piece,  together  with  the  superior  border  of  the  tar-, 
sus  to  which  it  is  attached,  is  excised  with  the  scissors.  The  needles 
on  the  sutures  are  then  passed  through  the  fresh  border  of  the  tarsus 
and  the  tendon  attached  to  its  new  position. 
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CL..VSS  lU,  GROUP  B.  ADVANCEMENT  OF  THE  LEVATOR  BY  FOLDING  THE 

TENDON.  , 

The  principle  proposed  by  Bowman  was  followed  by  Eversbuseli, 
who,  instead  of  excising  a piece  of  the  tendon  and  tarsus,  accom- 
plished the  same  result  by  folding  the  tendon  by  means  of  loop  sutures 
placed  through  it. 

Operation  of  Eversbuseli  {Klin.  Monatsbl.  /.  Augenlieilk.,  1883, 
p.  100).  General  anesthesia  is  employed,  and  a Snellen  clamp  is 
placed  as  high  up  beneath  the  lid  as  possible.  Before  the  clamp  is  set 
the  lid  should  be  drawn  down  between  the  blades  and,  in  this  position, 
fixed. 

An  incision  the  length  of  the  lids  is  then  made  parallel  to  the  lid 
border  and  half  way  between  it  and  the  eyebrow,  through^skin  and 
muscle. 

The  upper  and  lower  lips  of  the  wound  are  then  separated  from  the 
fascia  and  tarsus  by  loose  dissection,  so  as  to  lay  bare  the  tendon  of 
the  levator. 

A suture  of  silk  or  fine  catgut,  doubly-armed  with  fine,  curved 
needles,  is  then  passed  through  the  middle  of  the  tendon,  3 or  4 mm. 
from  the  superior  tarsal  border.  This  is  best  done  by  seizing  a ver- 
tical hold  of  the  tendon  with  fine-toothed  forceps,  passing  one  needle 
through  it  (not  including  the  conjunctiva)  and  bringing  it  out  2^ 
mm.  from  the  point  of  entrance.  The  two  needles  then  pass  between 
the  orbicularis  muscle  and  the  tarsus,  to  emerge  on  the  gray  line  just 
behind  the  eyelashes,  about  2^  mm.  apart.  A similar  suture  is  passed 
about  3 mm.  on  each  side  of  the  central  one.  There  are  thus  formed 
three  loops  on  the  posterior  surface  of  the  tendon.  Before 
tying  the  sutures,  the  clamp  is  removed,  and  the  musculo-cutaneous 
wound  is  closed  with  three  sutures.  The  tendons  are  tied  over  beads, 
as  in  the  Snellen  entropion  operation,  to  prevent  them  from  cutting 
into  the  lid  margin.  Tightening  the  sutures  folds  the  tendon  forward 
on  the  anterior  surface  of  the  tarsus.  In  cases  of  redundancy  of  skin 
and  muscle,  Eversbusch  recommends  the  excision  of  a strip  of  skin 
and  muscle  before  closing  the  wound,  after  the  manner  of  Graefe. 

Both  eyes  are  bandaged  and  the  dressing  is  changed  every  day.  The 
sutures  are  allowed  to  remain  for  several  days,  until  there  is  sufficiently 
firm  union  between  the  folds  of  the  tendon  and  the  tarsus. 

Snellen’s  operation.  Snellen  {Trans.  OphtJial.  Soc.  U.  K.,  1889, 
Vol.  X,  p.  207)  suggested  folding  the  tendon  by  the  use  of  sutures 
alone,  omitting  the  incisions.  He  passed  a suture  through  the  whole 
thickness  of  the  lid  just  at  the  upper  border  of  the  tarsus.  The  lid  was 
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then  everted,  and  the  same  needle  was  passed  as  high  up  in  the  fornix 
conjunetivae  as  possible,  through  conjunctiva  and  underlying  tendon 
and  nearl}^  to  the  skin  of  the  lid.  However,  instead  of  piercing  the 
skin,  the  needle  was  directed  downward  towards  its  original  point  of 
' entrance,  and  emerged  from  the  skin,  about  2 mm.  from  this  point. 

Three  such  sutures  are  necessary,  at  equal  distances  apart,  to  cor- 
rect the  ptosis ; and,  because  of  tlie  situation  of  the  tendon  of  the  leva- 
tor, the  middle  one  should  be  placed  slightly  nearer  the  internal  angle 
of  the  lid  than  the  external.  The  sutures  thus  placed  form  loops 


Operation  of  Eversbusch  for  Ptosis. 

a,  1),  incision  in  the  skin  and  muscle,  exposing  the  tarsus,  t,  and  f,  t,  the 
fascia,  with  the  levator  tendon. 

s,  loop  sutures  through  the  tendon,  emerging  at  the  border  of  the  lid  behind 
the  lashes,  fold  the  tendon  forward,  as  indicated  in  the  vertical  section  at 


through  the  tendon  and  draw  it  forward.  They  are  tied  over  beads  or 
pieces  of  tubing. 

Wolff  *s  operatio^i.  For  cases  of  this  class,  Wolff  proposes  two  forms 
of  operation,  one  an  advancement  of  the  levator  tendon  after  division 
of  its  tarsal  insertion,  made  through  a cutaneous  incision;  the  other 
an  advancement  of  Muller’s  muscle,  done  through  a conjunctival 
incision.  In  the  first  operation  a cutaneous  incision  is  made  2 cm.  in 
length,  corresponding  to  the  superior  border  of  the  tarsus.  The  skin 
is  separated  from  the  underlying  muscle  for  3 mm.  above  the  incision 
and  nearly  to  the  free  border  below.  About  in  the  center  of  the  con- 
vex tarsal  border  a fold  of  the  muscle,  with  the  underlying  tendon. 
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is  seized  with  toothed  forceps,  and  two  vertical  incisions,  1 cm,  apart, 
are  made  with  scissors  through  muscle  and  tendon.  Beneath  the 
bridge  of  muscle  and  tendon  are  then  placed  two  strabismus  hooks, 
(See  figure,)  Two  double-armed  catgut  sutures  are  now  passed 
through  the  tendon  at  a point  high  enough  t6i  allow  resection  of  a 
piece  of  the  tendon  equal  in  length  to  the  difference  of  width  of  the 
palpebral  fissures.  The  sutures  are  tied,  and  the  tendon  divided  im- 
mediately in  front  of  them.  The  sutures  are  then  passed  through  the 


Operation  of  Wolff  for  Ptosis, 


o,  ft,  incision  through  the  skin,  2 cm,  long,  exposing  the  orbicularis  fibers  over 
the  superior  border  of  tarsus, 

0,  d,  and  e,  f,  vertical  incisions  through  the  muscle  and  the  levator  tendon,  to 
allow  the  tendon  to  be  held  up  by  hooks,  h.  h. 

s,  8,  catgut  sutures  passed  through  the  muscle  and  tendon,  6 mm,  or  7 mm, 
above  the  line  of  insertion  in  the  superior  tarsal  border.  The  tendon  is  then 
divided  just  below  these,  along  the  dotted  line  x,  and  the  sutures  attached  to  the 
superior  tarsal  border  behind  the  remaining  stump  of  the  tendon, 

stump  of  the  tendon  and  the  overlying  orbicularis  fibers  at  the  supe- 
rior border  of  the  tarsus  and  tied.  The  skin  wound  is  closed  with 
three  or  four  sutures  which  may  be  removed  in  four  or  five  days. 

By  leaving  the  orbicularis  intact,  it  is  claimed  that  the  union  of 
the  levator  with  the  tarsus  is  made  more  secure,  in  that  the  tendon 
has  an  attachment,  through  the  orbicularis,  with  the  anterior  face  of 
the  tarsus,  in  addition  to  that  at  the  superior  border. 

In  the  other  operation  of  Wolff,  for  shortening  the  muscle  of  Mill- 
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ler,  the  lid  is  held  doubly  everted,  and  a horizontal  incision  of  2 cm. 
is  made  in  the  fornix  of  the  conjunctiva,  exposing  the  muscle,  which  is 
theii  takeji  np  on  strabismus  hooks.  Catgut  sutures  are  placed  in 
the  tendon  as  in  the  preceding  operation,  just  back  of  the  point  where 
it  is  desired  to  resect  the  muscle.  This  point  is  determined  by  the 
difference  in  width  of  the  palpebral  fissures.  After  two  sutures  are 


a,  h,  incision  through  skin  and  muscle,  exposing  the  tarsus,  t,  and  the  tendon 
of  the  levator.  Two  vertical  incisions  at  the  side  of  tendon,  from  c and  d, 
allow  the  tendon  to  be  raised  on  the  hook. 

s,  s,  sutures  forming  a loop  on  the  back  of  the  tendon. 

s'  s'  sutures  passing  through  the  tarsus. 

c,  d,  line  of  division  of  the  tendon  at  the  tarsal  border. 


placed  in  the  tendon  and  tied,  the  tendon  is  cut  off  and  the  sutures 
are  then  passed  through  the  superior  border  of  the  tarsus,  tied  and  cut 
short.  Five  catgut  sutures  close  the  wound  in  the  conjunctiva. 

Both  these  operations  are  elaborate  modifications  of  that  of  Bow- 
man and  are,  in  effect,  a shortening  of  the  levator  tendon. 

Operation  of  Lapersonne.  Lapersonne  {Archiv.  d’Oplital.,  August, 
1903,  p.  497)  has  offered  a modification  of  the  Wolff  operation,  in 
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which  he  makes  a practical  advancement  of  the  point  of  insertion  of 
the  tendon'  of  the  levator,  attaching  it  to  the  anterior  surface  of  the 
tarsus,  as  shown  in  the  figure. 

A horn  or  metal  plate  is  held  beneath  the  lid,  and  an  incision,  a,  b, 
is  made  through  skin  and  muscle  the  length  of  the  lid,  about  4 mm. 
or  5 mm.  above  its  free  border.  By  light  dissection  the  tareus  and 
the  tai*so-orbital  fascia  with  the  levator  tendon  are  laid  bare.  Two 
small,  vertical  incisions,  not  involving  the  conjunctiva,  are  made  on 
either  side  of  the  tendon,  to  permit  the  introduction  of  a strabismus 
hook  with  which  to  raise  it.  At  a distance  above  the  hook,  depending 
upon  the  amount  of  elevation  to  be  obtained,  there  is  passed,  through 
the  lateral  part  of  the  tendon,  one  needle  of  a double-armed  suture, 
which  emerges  2 mm.  from  its  point  of  entrance.  A similar  suture, 
is  passed  through  the  outer  half  of  the  tendon,  thus  making  two  loops 
behind  it. 

The  attachment  of  the  tendon  to  the  tarsus  is  then  divided  at  c,  d, 
and,  if  deemed  necessary,  a piece  of  it  may  be  resected. 

The  other  needles  on  the  sutures  are  then  passed  into  the  tarsus  at 
a distance  of  2 mm.  or  3 mm.  from  the  free  for  border,  s' , s'.  When 
the  sutures  are  tied,  the  tendon  is  drawn  down,  to  attach  itself  to  the 
face  of  the  tarsus.  The  skin  wound  closes  naturally  without  the  aid 
of  sutures.  The  effect  may  be  increased,  however,  by  resecting  a 
small  strip  of  skin  and  muscle  fibers,  in  which  case  the  wound  will 
be  closed  with  fine  sutures. 

Elschnig’s  operation.  The  lid  is  held  on  a Jaeger  lid-plate,  and  an 
incision  is  made  down  to  the  tarsus,  5 mm.  above  the  lid  border.  The 
ti.ssues  are  dissected  back,  above  and  below,  to  expose  the  tarsus  and 
the  tarso-orbital  fascia.  10  mm.  above  the  convex  border  of  the  tar- 
sus, the  fascia  is  seized  in  a thread  loop,  and  then  cut  just  below  the 
loop  from  the  median  to  the  lateral  angle.  Retracting  the  fascia  by 
means  of  the  thread  loop,  the  lower  part  of  the  fascia  is  carefully 
di.ssected  away  from  the  tendon  and  tarsus  with  scissors,  nearly  to 
the  lid  border. 

The  tendon  of  the  levator,  now  in  view,  is  seized  with  forceps,  a 
loop  suture  is  placed  through  it  for  control,  and  it  is  severed  without 
cutting  the  conjunctiva.  Holding  it  forward  by  means  of  the  control 
suture,  two  or  three  fine,  double-armed  sutures  are  passed  through  it 
at  such  distances  from  the  cut  end  as  will  insure  the  proper  effect.  The 
needles  are  then  passed  through  the  tarsal  tissue,  about  3 mm.  from 
the  lid  border,  and  out  through  the  skin. 

Five  catgut  sutures  then  close  the  wound  in  the  fascia ; that  in  the 
skin  is  united  with  silk.  After  the  skin  wound  has  been  closed,  the 
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tendon  loops  are  tightened  and  draw  the  tendon  down  to  its  new  at- 
tachment on  the  anterior  face  of  tlie  tarsus.  They  are  then  tied  with 
bow-knots  over  pieces  of  tnbing  or  gauze  rolls;  and  the  effect  can  be 
increased  or  diminished  by  tightening  or  loosening,  at  subsequent 
dressings.  The  superficial  sutures  are  removed  in  three  days;  the 
deep  sutures  are  allowed  to  remain  from  five  to  eight  days. 

It  is  difficult  to  undei’stand  the  necessity  for  such  a complicated 
dissection  in  order  to  attach  the  tendon  to  the  anterior  surface  of  the 
tarsus.  The  effect  produced  is  the  same  as  in  the  Lapersonne  opera- 
tion. Having  the  sutures  emerge  on  the  skin,  to  be  tied  over  rolls, 
as  in  the  Snellen  procedure,  seems  to  be  an  advantage. 

CLASS  III,  GROUP  C.  ADVANCEMENT  OP  THE  POINT  OP  INSERTION  OP  THE 
LEVATOR  TENDON  BY  EXCISION  OP  A STRIP  OP  TARSUS. 

As  was  previously  stated,  shortening  the  skeleton  of  the  lid,  the 
lid  plate,  by  removal  of  a piece  of  it,  is  equivalent  to  resecting  a piece 
of  the  tendon  of  the  levator,  so  far  as  the  action  of  that  muscle  on  the 
lid  is  concerned.  Whether  or  not  one  should  remove  a piece  of  the 
tarsus  large  enough  to  correct  the  deformity,  is  a question  for  care- 
ful consideration  in  any  case. 

Bowman  {Royal  Land.  Oplitlial.  Hosp.  Reports,  Vol.  I,  p.  34)  seems 
to  have  been  the  first  to  conceive  this  idea  and  put  it  into  practice, 
although  the  report  of  the  case  he  published  is  rather  incomplete.  He 
made  a skin  incision  parallel  to  and  about  8 mm.  above  the  lid  border. 
Separating  the  wound,  he  excised  an  oval  piece  of  subcutaneous  tissues, 
including  the  tarsus  and  conjunctiva,  and  united  the  cut  edges  with 
sutures. 

Operation  of  Gillet  de  Grand/mont  {Bulletins  et  Meonoires  de  la 
Soc,  frang.  d’OpKtalm.,  Vol.  IX,  1891,  p.  80).  The  lid  is  held  in  a 
Snellen  clamp,  and  an  incision  is  made  in  the  lid  2i/^  cm.  in  length, 
parallel  to  the  free  border  and  3 or  4 mm.  from  it.  (See  figure.) 

The  wound  is  separated  and  the  orbicularis  fibers  covering  the 
tarsus  are  excised,  leaving  the  latter  bare  in  its  whole  extent. 

An  incision  is  then  made  through  the  tarsus  and  conjunctiva, 
parallel  to  the  lid  border,  and  2 mm.  or  3 mm.  above  it,  this  incision, 
c,  d,  being  about  2 cm.  in  length.  Joining  this  at  each  end  is  a curved 
incision,  c,  e,  d,  with  its  concavity  downwards,  passing  through  all 
the  tissues  to  the  blade  of  the  lid  clamp.  The  distance  of  the  curved 
incision  from  the  inferior  one  must  be  carefully  determined  by  the 
degree  of  effect  to  be  produced.  At  the  widest  part  this  distance 
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should  be  equal  to  the  difference  in  width  of  the  palpebral  fissures  at 
the  widest  part,  if  one  is  normal. 

The  tissues  bounded  by  these  incisions  arc  then  removed.  The 
edges  of  the  deep  wound  thus  made  are  united  with  fine  catgut  su- 
tures. The  skin  wound  will  usually  not  require  any. 

Nieati  (Archives  d'Ophtalm.,  1890,  Vol.  X,  p.  182)  modified  this 
procedure  by  excising  the  tarsus  from  the  conjunctival  side.  The  lid 
is  everted,  and  each  needle  of  a double-armed  suture  is  passed  through 
the  conjunctiva  at  the  superior  border  of  the  tarsus,  and  made  to  glide 


> 


Operation  of  de  Graiidmont  for  Ptosis. 

a,  h,  incision  through  the  skin  and  muscle,  exposing  the  tarsus  and  the  tarso- 
orbital  fascia. 

f,  lower  skin  flap  drawn  downwards.  ... 

c,  d,  incision  through  the  thickness  of  the  tarsus,  joined  by  the  curved  incision, 
c,  e,  d,  near  the  upper  margin  of  the  tarsus;  the  tissue  removed.  The  deep  wound 
is  closed  by  sutures. 

along  the  anterior  surface  of  the  tarsus  and  emerge  on  the  free  border 
of  the  lid,  just  behind  the  eyelashes.  Three  such  loop  sutures  are 
passed  at  equal  distances  apart,  after  which  a large  portion  of  the 
tarsus  is  excised,  preserving  as  much  of  the  conjunctiva  as  possible. 
The  sutures  are  then  forcibly  tied,  and  removed  in  three  days. 

iffmeheron  (Archiv.  d'Ophiul.,  1893,  Vol.  Xlll,  p.  561)  prefers  an 
oi)eration  from  the  conjunctival  side  in  cases  of  mild  ])tosis  in  women, 
to  avoid  the  scar  in  the  skin.  Everting  the  lid,  he  first  does  a tar- 
sectomy,  reserving  a band  of  tarsus  a})Ovc  to  which  is  attached  the 
tendon  of  the  levator,  and  one  below,  in  which  the  lashes  are  placed. 
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Tlirough  this  opening  in  the  tarsus  a part  of  the  orbicularis  muscle  is 
removed,  as  this  is  antagonistic  to  the  levator.  Finally,  the  defect 
in  tlie  tarsus  is  closed  by  fine  sutures. 

Gruening  {Trans,  Anier.  Ophtlial.  Soc.,  Vol.  IX,  Pt.  Ill,  p.  574) 
operates  according  to  the  method  of  Grandmont,  and  thinks  his  method 
applicable  to  any  form  of  ptosis  requiring  surgical  inten^ention.  The 
vertical  width  of  the  strip  of  excised  tai*sms  should  vary  with  the  de- 
gree of  the  ptosis : it  may  measure  as  much  as  7 mm.,  tapering  at  each 
end  to  2 mm.  He  closes  the  tarsal  wound  by  inserting  three  double- 
armed, loop  sutures  through  the  tarso-orbital  fascia  near  the  superior 
tarsal  border,  and  bringing  them  out  through  the  edge  of  the  lid 
behind  the  eyela.slies  and  tying  them  in  the  intermarginal  space.  He 
finds  that  patients  operated  on  by  this  method  are  able  to  close  the 
eyes  well. 

Theobald  {Trans.  Amer.  Ophthal.  Soc.,  1908,  p.  673)  excised  the 
tarsus  from  the  conjunctival  side,  making  his  firet  incision  3l^  mm. 
from  the  free  border  of  the  lid,  and  a second  one  parallel  to  it  and 
3 mm.  above.  This  strip  of  tarsus  was  removed  and  the  wound  closed 
by  three  fine,  silk  sutures.  He  did  not  excise  any  of  the  orbicularis 
muscle  as  did  Boucheron.  Placing  knotted  sutures  on  the  conjunc- 
tival side  of  the  tarsus,  where  they  may  come  into  contact  with  the 
cornea,  is  not  to  be  recommended,  as  they  may  cause  serious  ulceration. 
If  the  excision  is  to  be  performed  from  the  conjunctival  side  it  would 
be  better  to  follow  thh  plan  recommended  in  the  Nicati  operation  for 
closing  the  tarsal  wound. 

Fergus  {Trans.  Ophthnl.  Soc.,  U.  K-,  1908,  Vol.  XXVIII,  p.  184), 
follows  the  principle  of  the  de  Grandmont  operation  in  his  most  re- 
cent work,  but  modifies  it  to  the  extent  of  removing  an  oval  piece  of 
skin  and  muscle  equal  to  the  size  of  the  tarsus  that  is  excised.  In  re- 
moving the  piece  of  tai-sus  he  spares  the  conjunctiva.  He  uses  catgut 
sutures  to  unite  the  wound  in  the  tai*sus,  and  superficial  sutures  to 
close  the  defect  in  the  skin. 

Mayou,  after  making  a curved  incision  the  length  of  the  lid  be- 
neath the  orbital  margin,  dissects  back  the  skin  and  muscle  so  as  to 
expase  the  tarsus  and  the  tarso-orbital  fa.scia.  He  then  excises  a 
strip  3 mm.  broad  from  the  whole  length  of  the  tarsal  plate,  without 
* button-holing  the  conjunctiva.  The  cut  margin  of  the  tarsus  is  then 
attached  to  the  levator  palpebrm  by  two  loop  sutures  of  catgut,  that 
pass  through  the  tarsus  below  the  wound,  making  a loop  of  about 
3 mm.,  and  then  through  the  tarso-orbital  fascia,  tendon  of  the  leva- 
tor and  orbicularis  muscle  in  the  upper  part  of  the  wound,  where 
they  are  tied.  The  skin  wound  is  closed  with  sutures.  This  would 
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seem  to  be  a combination  of  groups  b and  e — folding  the  tendon 
of  the  levator  and  excision  of  a part  of  the  tarsus. 

Some  operators  combine  the  principles  of  several  groups  that  liave 
been  described.  This  is  true  of  the  procedure  of  Beard,  in  which  the 
results  are  obtained  by  combining  some  of  the  features  of  the  Hotz 
entropion  operation  with  the  principles  of  the  Eversbusch  opera- 
tion of  folding  the  levator  tendon ; also  those  of  the  Pagenstecher  op- 
eration, of  connecting  the  lid  to  the  frontalis  muscle  by  means  of 
sutures. 

Beard’s  operation  {Ophthalmic  Surgery,  1910,  p.  241).  After  plac- 
ing a horn  plate  beneath  the  lid,  an  incision  is  made  just  in  the  superi- 


Beard’s  Operation  for  Ptosis. 

A.  Front  View. 

a,  b,  incision  at  the  superior  border  of  the  tarsus;  t,  tarsus.  The  sutures  pass 
through  the  lower  flap  with  the  loop  on  its  inner  surface;  they  then  gather  the 
. tarso-orbital  fascia,  and  emerge  above  the  brow. 

B.  Diagram  of  a vertical  section  of  the  lid,  to  sho\?  the  course  of  the  sutures. 

or  border  of  the  tarsus,  extending  the  whole  length  of  the  lid.  (See 
Fig.)  The  divided  fibers  of  the  orbicularis  are  undermined  above 
and  below,  exi)osing  the  tarsus  and  the  tarso-orbital  fascia.  Two 
doul)le-armed.  No.  3,  braided-silk  sutures  are  pas.sed  in  the  follow- 
ing manner:  Each  needle  on  a suture  is  pa.ssed  through  the  lower 
flap,  near  the  edge  from  within  outward,  making  the  loop  on  its 
posterior  surface. 

The  needles  then  pass  in  and  out  through  the  tendon  of  the  levator 
and  fascia,  gathering  it  in  folds,  and. finally  emerge  some  distance 
above  the  eyebrow. 
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The  sutures  are  so  spaced  that  the  loop,  which  is  about  6 mm. 
long,  is  at  the  junction  of  the  middle  and  end  thirds  of  the  tarsus. 
In  tightening  the  sutures,  the  operator  should,  with  toothed  forceps, 
place  the  lower  flap  in  proper  position  on  the  tarso-orbital  fascia,  and 
should  also  be  sure  that  the  edge  of  the  upper  flap  is  directed  back- 
ward, that  it  may  attach  itself  at  the  same  point. 

The  sutures  are  then  tied  with  bow-knots  over  gauze  rolls,  and 
can  be  tightened  or  loosened  as  desired  when  the  dressing  is  changed 
after  twenty-four  hours.  They  are  removed  at  the  end  of  three  or 
four  days,  when  the  parts  have  healed  in  their  new  position.  The 
scar  lies  in  the  natural  sulcus,  above  the  tarsus. 

Wilder’s  operation  {Trans.  Amer.  Ophth.  Soc.,  1897,  p.  99).  Some 
years  ago  the  author  proposed  an  operation  for  ptosis  of  folding  upon 
itself  the  tarso-orbital  fascia,  as  well  as  the  aponeurosis  of  the  levator 
which  is  intimately  adherent  to  the  fascia;  and  at  the  same  time 
establishing  a secure  connection  of  the  upper  lid  to  the  firm  tissues 
of  the  eyebrow.  It  is  a combination,  therefore,  of  the  principles 
contained  in  operations  described  in  Class  II,  group  a,  with  those 
described  in  Class  III,  group  b. 

The  eyebrow  is  shaved,  and  an  incision  extending  its  whole  length 
is  made  a little  above  the  orbital  margin,  through  all  the  tissues  down 
to  the  periosteum.  Retractors  being  used  to  draw  down  the  lower 
lip  of  the  wound,  the  skin  and  muscle  are  separated  from  the  tarso- 
orbital  fascia  until  the  tarsus  is  brought  into  view.  Sutures  of  fine, 
sterilized,  hardened  catgut,  armed  at  each  end  with  a curved  needle 
are  passed  (see  Fig.)  in  the  following  manner:  The  first  needle  is 
introduced  deep  enough  into  the  tarsus  to  secure  a firm  hold  at  a 
point  about  at  the  junction  of  the  outer  and  middle  thirds,  and  a little 
distance  below  its  convex  edge.  It  is  then  drawn  through,  and  with 
it  several  gathering  stitches,  b,  are  taken  in  the  tarso-orbital  fascia, 
after  which  the  needle  is  passed  through  the  muscle  and  connective 
tissue  of  the  upper  lip  of  the  wound,  c.  The  other  needle  on  the  same 
suture  follows  a parallel  course  in  the  same  manner,  enters  the  tarsus 
about  3 mm.  from  the  point  of  entrance  of  the  first,  then,  gathering 
the  fascia  into  small  folds  and  emerging  in  the  tissue  above,  makes  a 
loop  by  which  the  lid  is  drawn  up.  The  second  suture  is  passed  in 
the  same  way,  making  a loop  at  the  junction  of  the  middle  and  inner 
thirds  of  the  tarsus.  The  desired  elevation  of  the  lid  may  now  be 
secured  by  drawing  on  the  loops  and  tying  the  sutures,  which  are  to 
be  left  in  the  wound. 

In  milder  degrees  of  ptosis,  in  which  some  power  remains  in  the 
levator,  the  sutures  may  be  placed  somewhat  nearer  together,  to  se- 
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cure  a hold  on  the  central  fibers  of  the  levator  tendon,  and  may 
emerge  on  the  skin  above  the  eyebrow  to  be  tied  over  rolls,  as  in  the 
Pagenstecher  operation.  In  such  cases  the  sutures  may  be  of  silk,  to 
be  withdrawn  after  seven  or  eight  days  when  some  degree  of  union 
has  occurred  between  the  folds  in  the  fascia.  However,  in  cases  of 
complete  ptosis,  with  no  power  in  the  levator,  the  buried  sutures  give 
additional  strength  to  the  folds  of  fascia,  become  encapsulated,  and 
unite  the  lid  to  the  frontalis,  as  well  as  shorten  its  suspensory  liga- 
ment. The  lower  lip  of  the  wound  is  united  to  the  upper  with  fine 
sutures.  The  slight  scar  that  remains  after  healing  is  almost  entirely 
hidden  when  the  eyebrow  grows  again.  The  orbicularis  is  uninjured. 


Wilder's  Operation  for  Ptosis. 


Incision  along  the  supra-orbital  margin,  o;  exposure  of  the  tarso-orbital  fascia 
and  tarsus  by  separation  of  the  lower  flap.  A suture  passed  into  the  tarsus  at  a, 
gathers  the  folds  in  the  fascia,  and  is  secured  in  firm  tissue  under  the  eye- 
brow. 

SO  that  the  patient  retains  to  a certain  extent  the  power  of  closing 
the  lid.  This  operation  differs  from  that  of  Dransart  in  that  there 
is  a shortening  of  the  septum  orbitale,  really  the  suspensory  ligament 
of  the  upper  lid,  together  with  a slight  folding  of  the  aponeurosis  of 
the  levator  muscle.  Added  to  these  is  the  principle  of  attaching 
the  frontalis  to  the  lid  by  means  of  encapsulated  sutures. 

CL.\SS  IV.  SUBSTITUTION  OP  THE  ACTION  OP  THE  SUPERIOR  RECTUS  POR 
THAT  OP  THE  LEVATOR  PALPEBR/E. 

In  this  class  of  operations  a new  principle  is  introduced,  of  at- 
taching the  superior  rectus  muscle  to  the  eyelid  so  that  the  lid  will 

Vol.  XIV— 7 


10506 


PTOSIS 


follow  tlie  upward  movements  of  the  eyeball.  Furthermore,  the 
movement  of  the  lid  after  these  operations  is  much  more  natural  than 
when  it  is  raised  by  the  action  of  the  frontalis  muscle,  which  draws  it 
straight  upward,  obliterating  the  natural  folds  and  altering  the  ex- 
pression of  the  face. 

In  considering  the  anatomical  relation  of  these  two  muscles,  it 
is  to  be  remembered  that  they  lie  very  close  together,  from  their  origin 
in  the  posterior  angle  of  the  orbit  to  their  points  of  insertion,  the 
levator  palpebrae  being  directly  above  the  superior  rectus. 

The  layer  of  the  deep  fascia  about  the  one  merges  into  the  fascia 
surrounding  the  other,  and  their  tendinous  expansions  in  front  are 
separated  only  by  the  conjunctiva.  They  are  innervated  by  the  same 
nerve,  the  oculo-motor.  In  action,  the  structures  to  which  they  are 
attached  describe  the  same  upward  curve;  and  they  are  so  co-or- 
dinated that  one  cannot  turn  the  eye  upward  or  downward  without 
the  lid  following  it. 

Such  considei’ations  prompted  Motais  to  devise  the  ingenious  op- 
eration for  ptosis  that  bears  his  name ; and  within  two  months  from 
the  time  he  read  his  paper  on  the  subject  at  the  annual  meeting  of 
the  French  Ophthalmological  Society,  in  May,  1897,  Parinaud  pre- 
sented to  the  Paris  Ophthalmological  Society  an  operation  that  he  had 
devised,  showing  that  he  also  had  made  use  of  the  same  principle,  al- 
though the  technic  of  his  operation  is  quite  different  from  that  of 
Motais. 

Naturally,  these  operations  are  not  applicable  to  cases  of  para- 
lytic ptosis  in  which  all  branches  of  the  third  nerve  are  involved,  as 
is  frequently  the  case.  Neither  would  they  be  suitable  for  cases  of 
congenital  ptosis  in  which  a weak  upward  movement  of  the  eye  indi- 
cates the  possibility  that  the  superior  rectus,  as  well  as  the  levator, 
is  imperfectly  developed ; although  cases  have  been  reported  in  which 
there  seemed  to  be  an  improvement  of  the  working  power  of  the  su- 
I^erior  rectus  after  raising  the  lid  by  the  Motais  operation. 

Operatian  of  Motais  (Soc.  fran.g.  d’Ophtal.,  1897,  p.  208).  The  op- 
eration may  be  done  under  eocain  anesthesia.  The  upper  lid  is 
everted  and  drawn  upward  by  an  assistant,  who  places  a sharp  hook 
in  the  superior  border  of  the  tarsus.  Another  sharp  hook  is  placed 
in  the  upper  layer  of  the  sclerotic  coat,  4 or  5 mm.  above  the  cornea, 
with  which  to  draw  the  eye  downward.  (It  might  be  safer  to  use 
a fixation  forceps  for  this  purpose.)  A transverse,  conjunctival  in- 
cision, 10  to  12  mm.  in  length,  is  then  made  with  scissors,  6 or  7 
mm.  above  the  cornea,  and  from  the  middle  of  this  a vertical  incision 
in  the  conjunctiva  extending  to  the  superior  margin  of  the  tarsus. 
(See  fig.  a,  b,  c.) 
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The  conjunctival  flaps  are  loosened  and  separated,  so  as  to  bring 
the  tendon  of  the  superior  rectus  into  view,  and  beneath  it  a strabis- 
mus hook  is  placed  as  indicated  in  the  figure. 

The  middle  of  the  tendon  is  then  seized  with  a pair  of  fine-tooth ed 
forceps,  about  2 or  3 mm.  from  the  line  of  insertion,  and  the  middle 
fibei-s  are  cut  for  about  3 mm.  at  the  line  of  insertion.  Prom  each 
extremity  of  this  small,  horizontal  incision  vertical  ones  are  made  in 
the  tendon,  10  mm.  in  length,  so  that  a tendinous  flap  is  made  in  the 
middle  of  the  tendon  10  mm.  long  and  3 mm.  wide. 

The  end  of  this  little  flap  is  then  held  with  a broad,  conjunctival 
fixation  forceps,  to  handle  it  more  easily,  and  at  about  3 mm.  from  its 


Motais’  Operation  for  Ptosis.  A.  First  Stage. 

the  conjunctiva,  7 mm.  above  the  cornea.  From 

the  middle  of  this  incision  another  extends  to  c,  at  the  superior  tarsal  border. 
a.  Hook  holding  up  the  tendon  of  the  superior  rectus. 


extremity  two  fine  curved  needles,  on  a double-armed  suture,  are 
passed  through  it  14  mm.  from  either  edge.  A pocket  is  then  made 
on  the  anterior  face  of  the  tarsus,  extending  to  within  5 mm.  of  the 
id  border,  by  cutting  tvith  scissors  the  tissues  at  the  extremity  of  the 
vertical  incision  fii-st  made. 

The  needles  are  now  passed  into  tliis  little  pocket,  and  come  back 
t rough  the  tarsus  about  2 mm.  from  its  superior  border;  the  little 
tongue  of  tendon  is  drawn  onto  the  anterior  surface  of  the  tarsal 
pate;  the  sutures  are  tied  on  the  conjunctival  surface.  To  avoid 
accident  to  the  cornea  from  the  knot,  the  needles  may  be  passed 
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through  the  skin,  to  emerge  just  above  the  lashes,  about  4 mm.  apart, 
where  the  suture  may  be  tied  over  a roll,  as  shown. 

If  the  effect  on  the  ptosis  is  sufficient,  the  surgical  knot  in  the 
suture  is  completed.  If  the  lid  is  not  sufficiently  elevated,  the  little 
tendinous  flap  is  withdrawn  and  the  loop  suture  placed  higher  np;  or 
the  pocket  may  be  deepened  and  the  little  tongue  made  to  take  a 
place  nearer  the  free  border  of  the  tarsus.  Two  or  three  ponits  of 
sutures  are  then  placed  in  the  conjunctival  wound  to  cover  the  new 
tendon.  i 


Motais’  Operation  for  Ptosis.  Second  Stage. 


C.  Forming  the  tongue  flap,  f,  1,  3 mm.  wide  in  the  middle  of  the  superior  rec- 
tus tendon.  Lateral  incisions  in  the  tendon  are  10  mm.  long. 

D.  Tendon  flap,  f,  I,  held  by  a fixation  forceps,  while  a loop  suture  is  passed 
through  it,  3 mm.  from  its  end. 

Both  eyes  are  closed  with  a dressing,  and  the  stitches  are  removed 
in  eight  days. 

The  objection  made  to  this  procedure  is  that  a serious  vertical 
diplopia  may  be  caused,  because  of  the  inability  of  the  superior  rec- 
tus to  carry  the  additional  weight  of  the  lid  and  keep  up  with  its 
fellow  of  the  opposite  eye.  This,  however,  does  not  seem  to  be  the 
case,  according  to  the  testimony  of  those  operators  who  have  had 
much  experience  with  the  operation,  and  it  is  even  claimed,  as  men- 
tioned above,  that  often  a weak  superior  rectus  has  developed  strength 
under  the  additional  work  thrust  upon  it. 
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The  diplopia,  that  may  be  noticed  immediately  after  the  opera- 
tion, usually  disappears,  or  at  most,  can  be  elicited  only  when  the 
eyes  are  turned  strongly  upward.  This  has  been  the  experience  of  the 
author  in  five  eases  in  which  he  practised  the  operation,  in  three  of 
which  the  technic  was  modified  according  to  the  suggestion  of  Shoe- 
maker, 

Shoemaker  {Annals  of  Ophthalmology,  Oct.,  1907,  p.  608),  thinks 
that  failure  to  get  the  desired  result  after  the  Motais  operation  may 


T 

Motais’  Operation  for  Ptosis.  Final  Stage. 

E.  Forming  the  pocket  on  the  anterior  surface  of  the  tarsus  beginning  at  the 
upper  end  of  the  vertical  incision  first  made. 

F.  Diagram  of  the  vertical  section  througli  the  lid  and  eyeball  to  show  the 
relation  of  the  parts  after  operation. 

be  due  to  the  fact  that  the  sutures,  if  passed  through  the  skin,  may 
attach  the  tendon  flap  to  the  orbicularis  muscle  and  not  to  the  tarsus, 
as  it  should  be.  From  the  anatomical  relation  of  the  parts  it  is  im- 
po.ssible  to  attach  the  flap  very  far  below  the  superior  border  of  the 
tarsus.  To  secure  an  accurate  placing  of  this  flap,  he  sees  no  ob- 
.ieetion  to  an  open  operation  and  suggests  the  following  modification : 
After  preparing  the  tendon  flap  in  the  manner  that  has  been  de- 
scribed, the  lid  is  returned  to  its  natural  position,  and  a horizontal 
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incision  is  made  through  skin  and  muscle  a little  helow  the  superior 
tarsal  border.  Dissecting  back  the  upper  and  lower  flaps  of  this 
wound  exposes  the  superior  border  of  the  tarsus,  at  the  upper  edge 
of  which  a buttonhole  can  be  made  through  the  fascia  and  levator 
tendon  communicating  with  the  vertical  incision  already  made  in 
the  conjunctiva.  Through  this  little  opening,  the  flap  can  be  passed 
and  fastened  directly  and  accurately  in  place  on  the  tareus.  To 
do  this  the  loop  on  the  tendon  flap  should  be  placed  on  its  upper 
surface ; the  needles  then  secure  a hold  on  the  tarsus,  and  are  brought 
out  through  the  orbicularis  and  skin,  4 mm.  apart,  and  are  tied  over 
a roll.  Two  fine  sutures  unite  the  skin  wound.  The  author  ha.s  fol- 


Parinaud’s  Operation,  for  Ptosis.  > 

a,  h,  incision  in  the  conjunctiva,  12  mm.  in  length,  near  the  superior  border  of 
the  tarsus,  exposing  the  tendon  of  the  superior  rectus,  s,  r.  The  suture  is  passed 
beneath  the  tendon,  then  through  the  lower  lip  of  the  conjunctival  wound;  then 
along  the  anterior  face  of  the  tarsus,  as  indicated  by  the  dotted  lines. 

lowed  this  technic  in  tliree  cases,  and  can  testify  to  the  value  of  the 
modification. 

In  addition  to  this  suggestion  of  Shoemaker,  in  order  to  pre- 
vent the  fine  sutures  that  pass  through  the  tendon  flap  from  cutting 
loose  because  of  the  tension,  the  author  seized  the  levator  tendon  and 
fascia  on  each  side  with  loop  sutures  brought  out  in  the  skin  of  the 
lid  above  the  cilia,  after  the  manner  of  Eversbusch.  This  gave  sup- 
port to  the  lid  while  the  tendon  flap  was  healing  in  its  new  position. 

Parinaud’s  operation  (Awmles  d’Ocnlistique,  1897,  Vol.  CXVIII, 
p.  112).  This  operation  consists  in  uniting  the  tendon  of  the  superior 
rectus  with  the  superior  border  of  the  tarsus  by  means  of  a loop 
suture.  The  lid  is  everted  and  the  tarsal  border  is  held  with  a tena- 
culum or  with  fixation  forceps,  and  the  eyeball  is  drawn  downward 
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with  another  tenaculum  or  with  forceps.  An  incision  is  then  made 
with  scissors  in  the  conjunctiva,  12  or  15  mm.  in  length,  near  the 
superior  border  of  the  tarsus.  (See  fig.  a,  b.)  The  conjunctiva  is 
separated  so  as  to  expose  the  superior  rectus  tendon.  This  is  seized 
with  toothed  forceps  and  one  needle  on  a double-armed  suture  is 
passed  under  it,  including  also  the  capsule  on  either  side.  The  need- 
les then  pass  through  the  lower  lip  of  the  conjunctival  wound  (to 
close  it),  then  beneath  the  upper  lip  of  the  wound  to  penetrate 
the  tendon  of  the  levator  and  glide  along  the  anterior  face  of  the 
tarsus,  to  emerge  7 or  8 mm.  apart,  in  the  free  border  of  the  lids, 
jnst  in  front  of  the  lashes.  They  are  tied  over  a roll  of  gauze  with 
a liowknot,  drawing  them  sufficiently  to  raise  the  lid. 

The  effect  can  be  increased  or  diminished  at  the  next  dressing.  The 
sutures  are  allowed  to  remain  for  five  or  six  days. 

In  cases  of  paralytic  ptosis,  a portion  of  the  superior  border  of 
the  tarsus  may  be  excised  with  curved  scissors,  to  enhance  the  effect 
and  this  will  also  facilitate  the  introduction  of  the  sutures. 

SUMMARY. 

It  will  be  seen  from  the  number  of  operations  that  have  been  de- 
vised for  its  relief,  that  ptosis  is  a condition  not  easy  to  remedy. 

Of  all  the  operations  that  have  been  described  those  of  Motais 
and  Parinaud  seem  to  approach  more  nearly  the  ideal,  theoretically 
at  least.  As  Shoemaker  has  remarked,  the  successful  performance 
of  these  operations  amounts  to  a fixation  of  the  eyelid  to  the  eyeball 
at  a point  a little  above  the  insertion  of  the  superior  rectus. 

In  many  cases,  especially  of  complete  ptosis,  it  might  be  a serious 
question  whether  the  superior  rectus  could  ever  adapt  itself  to  the 
new  load.  When  it  does,  the  ideal  result  is  obtained ; that  is,  the  lid 
is  raised  so  that  vision  is  not  interfered  with,  and  follows  the  move- 
ments of  the  eye  upward  and  downward. 

If  the  superior  rectus  is  too  weak  to  accomplish  this,  then  annoy- 
ing diplopia  would  follow,  with  possibly  an  apparent  downward 
squint. 

It  would  seem,  theoretically  at  least,  in  cases  of  complete  ptosis, 
that  a combination  of  the  Motais  and  Parinaud  principle  with  that  of 
shortening  the  lid  by  excision  of  a strip  of  the  tarsus,  after  the  manner 
of  de  Grandrnont,  in  Cla.ss  III,  Group  c,  would  be  an  improvement  on 
each.  Or  the  Motais  operation  might  be  combined  with  one  of  the 
deep-suture  operations  for  supporting  the  lid,  and  thus  a great  part 
of  the  weight  of  the  lid  would  be  taken  off  the  superior  rectus.  This 
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could  readily  be  done  if  the  operation  of  Motais  were  made  by  the 
open  method,  after  the  suggestion  of  Shoemaker;  at  the  same  time 
gathering  sutures  could  be  placed  in  the  tarso-orbital  fascia,  ttf 
shorten  it  and  thus  help  to  correct  the  ptosis.  As  said  before,  the 
Motais-Parinaud  principle  is  not  applicable  to  cases  in  which  the 
superior  rectus  is  very  weak,  as  in  some  cases  of  paralytic  ptosis,  or 
to  cases  in  which  this  muscle  is  congenitally  defective. 

In  such  cases  one  would  probably  have  to  resort  to  some  opera- 
tion described  in  Class  II. 

When  the  ptosis  is  partial,  and  it  can;  be  shown  that  the  levator 
still  has  power,  an  operation  of  Class  III,  for  advancement  of  the 
point  of  insertion  of  the  levator,  may  be  employed. 

Of  these  the  operation  of  Eversbusch  (folding  the  tendon),  of 
Lapersonne  (dividing  the  tendon  and  giving  it  a new  point  of  inser- 


* Wray’s  Method  of  Treating  Ptosis. 

Everted  upper  lid,  showing  parts  touched  by  cautery, 

tion  on  the  tarsus)  and  of  de  Grandmont  (excising  a strip  of  the  tar- 
sus), are  probably  the  best  and  the  simplest. — (W.  H.  W.) 

Other  new  operations  for  the  relief  of  drooping  lids  have  been 
devised  from  time  to  time.  The  literature  on  the  subject  generally 
deals,  however,  with  some  slight  modification  of  a previously  well 
known  ptosis  operation. 

Ptosis  treated  by  the  cautery.  This  form  of  treatment  is  advised 
by  Wray  {Prac.  Med.  Series,  Eye,  p.  56,  1910),  The  lid  is  everted 
so  as  to  expose  the  attachment  of  the  levator  to  the  upper  margin  of 
the  tarsus.  The  region  is  then  punctured  with  the  actual  cautery. 
The  holes  are  burned  in  rows.  The  number  of  holes  corresponds  to 
the  amount  of  effect  desired.  The  same  procedure  can  be  carried 
out  through  a skin  incision  in  the  lid.  If  the  latter  method  is  adopted, 
cocain  can  be  injected  subcutaneously;  if  by  way  of  the  conjunctival 
side  of  the  lid  cocain  should  be  first  instilled.  See  the  cut. 

Thomson’s  operation.  A modification  (Annals  of  Ophihainiol- 
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ogn,  October,  1905),  of  the  operation  by  Wolff  is  preferred  by  Thom- 
son, of  New  York.  An  incision  is  made  through  the  skin  parallel  to, 
and  extending  the  full  length  of,  the  upper  tarsal  margin.  The  skin 
is  then  dissected  from  the  underlying  parts,  downward  to  the  lid  mar- 
gin and  upward  to  the  brow.  Vertical  incisions  are  made  through 
the  orbicularis  on  either  side  of  the  levator,  and  this  strip  of  orbicu- 
laris removed.  Tlie  levator  is  now  separated  from  the  conjunctiva 
as  far  back  as  possible.  The  tendon  is  grasped  and  severed  from 
its  tarsal  attachment.  From  1^/2  to  3 mm.  of  it  is  excised,  and  then 
reattached  by  mattress  sutures  to  the  tarsus  near  its  ciliary  margin. 
Silk  is  used  for  the  suturing.  The  skin  wound  is  closed  after  a small 
strip  of  skin  is  removed  and  the  part  covered  with  a dry  dressing. 
The  author  claims  that  this  operation  works  well  even  in  the  presence 
of  an  atrophic  muscle,  and  that  it  is  especially  indicated  in  monocu- 
lar ptosis. 

Fergus  {British  Med.  Jour.,  May  16,  1908),  has  compared  his  own 
device  with  those  of  other  operators.  First  of  all  the  operations  of 
Dransart,  Pegenstecher  and  Hess,  that  depend  upon  the  production 
of  cicatricial  contraction.  2.  Procedures  which  leave  ligatures  per- 
manently embedded  in  the  tissues,  as  in  the  operations  of  Mules, 
Worth  and  Harman.  3.  Attempts  at  the  advancement  of  the  occi- 
pito-frontalis,  or  attaching  the  superior  rectus  to  the  upper  lip; 
others  have  advanced  what  they  believe  to  be  the  levator  palpebrae 
superioris.  4.  Plastic  operations,  such  as  that  described  by  Panas. 
Fergus  greatly  objects  to  the  unsurgical  method  of  those  operations 
which  depend  upon  cicatricial  contraction  with  sutures,  for  unless 
they  become  septic  they  are  useless.  He  prefers  the  advancement 
operations.  He  has  had  marked  success  by  his  method. 

Bettremieux  {Oph.  Year-Book,  p.  388,  1912),  advocates  using  the 
frontalis  instead  of  the  superior  rectus.  He  passes  two  sutures  sub- 
cutaneously and  ties  them  over  a small  tampon  of  absorbent  cotton. 
The  sutures  should  be  left  in  place  for  several  weeks  until  solid, 
cicatricial  contraction  has  taken  place.  He  reports  a case  of  congeni- 
tal ptosis  accompanied  by  spasm  of  convergence  and  accommodation 
upon  attempts  at  raising  the  lid,  due,  he  believes,  to  an  overflow  of 
nerve  impulse  accompanying  the  effort  to  lift  the  lid  so  as  to  free 
the  pupil. 

Stevens  makes  an  incision  along  the  whole  length  of  the  border 
of  the  lid  as  near  as  possible  to  the  cilia,  but  avoiding  injury  of  the 
roots  of  the  lashes.  The  skin  is  then  dissected  up  so  as  to  uncover 
the  whole  of  the  cartilage.  The  attenuated  fibers  of  the  elevator  mus- 
cle are  separately  dissected  from  their  attachment  to  the  cartilage. 
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after  which  one-lialf  dozen  very  fine  sutures  attaeli  their  free  ex- 
tremities to  the  tissue  just  above  the  original  line  of  incision. 

Komoto  (Cent,  prakt.  Aiiff.,  36,  August,  p.  225,  1912),  devised  a 
new  method,  by  transplanting  a strip  of  skin,  without  epithelium, 
under  the  lid  for  creating  a direct  connection  between  the  ciliary 
margin  and  the  skin  of  the  forehead.  A piece  of  skin,  1.5  cm.  wide 
and  4 cm.  long,  is  cut  from  the  upper  arm,  after  removing  the  super- 
ficial epithelial  layer  with  a scalpel  and  detaching  the  subcutaneous 
adipose  tissue  with  scissors.  One  end  of  the  excised  strip  is  split 
into  two  parts,  and  each  end  provided  with  a double-armed  thread. 
Then  a crescent  of  skin  close  to  the  border  is  cut  from  the  upper 
lid  and  each  leg  of  the  strip  is  sewed  to  the  lid  border.  The  thread 
of  tlie  other  end  of  the  strip  is  now  brought  into  the  eye  of  a verj^ 
broad,  curved  needle.  This  needle  is  carried  with  a needle-holder 
from  the  wound  under  the  skin  to  the  eye-brow.  The  strip  is  now 
pulled  up  until  the  palpebral  fissure  has  the  desired  width,  and 
sewed  into  the  wound  of  the  skin.  The  eye  is  dressed  with  borated 
vaselin  and  the  sutures  are  removed  after  a week.  As  the  trans- 
planted skin  is  apt  to  shrink  and  thus  increase  the  initial  result, 
Komoto  advises  us  to  make  the  palebral  fissure  small  in  the  first 
instance. 

E.  Maehek  {Tygodnik  lekarski,  Nov.  5,  1912),  describes  his  opera- 
tion as  follows : 

The  first  cutaneous  incision  is  made  6 mm.  above  the  free  bor- 
der of  the  upper  lid  and  parallel  to  it;  the  second,  slightly  longer, 
is  parallel  to  the  first  and  is  made  5 to  6 mm.  above  it.  The  re- 
sulting horizontal  band  is  now  divided  vertically  into  two  equal 
parts,  making  two  rectangular  flaps,  which  are  next  dissected  up 
to  the  outer  and  inner  angles.  A pointed  bistury  is  now  plunged 
under  the  skin  at  the  temporal  extremity,  then  at  the  nasal  ex- 
tremity, making  two  subcutaneous  canals,  emerging  vertically  on  a 
level  with  the  brow.  Into  these  two  subcutaneous  canals  the  two 
flaps  are  now  introduced,  guided  by  threaded  needles,  and  they  are 
then  pulled  upward  as  much  as  is  necessary  to  obtain  the  required 
elevation  of  the  lid,  after  which  they  are  fixed  by  sutures  at  the 
emerging  point  in  the  brow.  The  skin  of  the  upper  part  of  the 
lid  then  covers  the  lower  denuded  portion,  forming  a kind  of  apron 
which  perfectly  imitates  the  normal  fold,  consequently  no  sutures 
are  required  in  the  palpebral  incisions.  Machek’s  operation  differs 
from  that  of  Panas,  in  that,  instead  of  a single  large  and  central 
flap,  there  are  two  lateral  and  straight  flaps.  This  procedure  is 
said  to  offer  an  immediate  cosmetic  effect,  which  is  lasting  and 
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remains  definite.  A slight  degree  of  overeorrection  should  always 
be  made,  with  a corresponding  slight  lagophthalmus,  which  disap- 
pears in  a few  days. 

An  easily-performed  operative  procedure  based,  as  the  author  ob- 
serves, on  the  methods  of  Ilotz,  Eversbusch,  de  Grandmont  and  Gruen- 
ing,  is  deseribed  by  J.  H.  Claiborne  {Ophthalmology,  July,  1914.) 

The  skin  being  smoothed,  the  entire  lid  is  clasped  with  a large 
clamp.  A straight  incision  is  made  from  3 to  4 mm.  from  the  free 
palpebral  border  across  the  extension  of  the  clamp.  An  ellip- 
tical incision  connecting  the  inner  and  outer  end  of  the 
first  incision  exposes  the  tarsus,  the  skin  removed  depending  in 
size  to  some  extent  on  the  effect  desired.  Generally,  it  should  be 
from  5 to  8 mm.  at  the  highest  point  of  the  curve.  A piece  of  tarsus 
including  the  conjunctiva  from  12  to  15  mm.  in  length  and  2 to  3 
in  breadth,  parallelogram  in  shape,  is  removed,  a distance  of  3 to  4 
mm.  from  the  inferior  cutaneous  lip,  thus  fenestrating  the  tarsus. 
The  whole  length  of  the  fenestrum  as  shown  in  the  cut  is  too  long, 
though  its  position  is  exactly  correct.  Five  stitches  are  used,  a cen- 
tral and  four  lateral  ones ; the  central  stitch  being  of  slightly  stouter 
thread  than  the  others.  The  needle  is  passed  through  the  center  of 
the  lower  skin  wound,  about  2 mm.  from  the  edge ; it  is  again  grasped 
by  the  needle  holder  and  a deep  orbital  vertical  stitch  is  taken  in  the 
tarso-orbital  fascia;  this  is  facilitated  by  insinuating  the  forceps 
underneath  the  upper  skin  lip  and  slightly  lifting  it,  so  as  to  ex- 
pose the  tarso-orbital  fascia;  again  the  needle  is  drawn  out  and  is 
grasped  by  the  holder ; the  last  stitch  is  taken  through  the  upper  lip 
about  2 mm.  from  the  edge,  so  that  the  needle  has  been  inserted  three 
times — the  first  through  the  lower  cutaneous  lip,  the  second  in  the 
•subcutaneous  tarso-orbital  fascia,  and  the  third  through  the  upper 
cutaneous  lip — all  three  stitches  lying  in  the  same  vertical  plane. 
Let  it  be  remembered  that  the  needle  is  grasped  anew  for  each  stitch — 
otherwise  the  re.sult  is  not  obtained ; four  lateral  stitches  are  in- 
serted in  like  manner.  The  clasp  is  then  removed  and  the  stitches 
are  tied  so  that  there  is  no  buckling  of  the  .skin  wound.  It  will  be 
observed  that  no  .stitches  have  been  taken  in  the  tarsal  wound. 
While  this  operation  may  not  be  considered  entirely  original,  it  is  en- 
titled to  be  cla.ssed  by  itself  for  several  rea.sons. 

In  Gruening’s  operation  an  elliptical  piece  is  removed  from  the 
tarsus:  the  piece  taken  from  the  tar.sus  in  this  operation  is  parallel- 
ogram shaped,  and  is  slightly  shorter  than  that  in  the  operation  of 
Gruening;  in  addition,  no  skin  is  removed  in  his  operation,  while  the 
stitches  are  put  in  the  tarsus,  the  skin  wound  falling  together  by 
reason  of  the  closing  of  the  lips  of  the  tarsal  wound. 
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After  healing,  if  the  lid  be  turned,  a slight  buckling  of  the  tarsal 
wound  will  be  noticed.  This  produces  no  discomfort,  or  any  other 
effect  on  the  eye. 

M.  Marquez  (Archivos  de  Oftalm  Ilip.-Am.,  Jan.,  1915;  review 
by  Grimsdale,  Ophthahnoscope,  p.  418,  Aug.,  1915),  describes  the 
ptosis  operation  of  his  devising  as  follows.  The  upper  lid  is  everted 
and  drawn  up  by  means  of  a small  sharp  hook  fixed  in  the  lid  near  the 
free  margin.  The  eye  is  drawn  down  by  a second  hook  in  the  upper 
part  of  the  sclero-corneal  junction;  and  by  these  means  the  superior 
fornix  of  the  conjunctiva  is  obliterated.  An  incision  is  made  hori- 
zontally about  7 mm.  or  8 mm.  from  the  cornea  over  the  insertion  of 
the  superior  rectus  and  a second  vertically  backwards  from  the  first 
to  the  upper  border  of  the  tarsal  “cartilage”;  here  a third  incision  is 
made  horizontally  along  the  border  of  the  cartilage.  The  conjunctiva 
is  then  dissected  back,  and  the  underlying  capsule  of  Tenon  divided. 
A squint  hook  is  then  passed  from  without  inwards  under  the  ten- 
don and  slipped  up  and  down  for  a distance  of  about  a centimeter, 
so  as  to  separate  it  entirely  from  the  globe.  Marquez,  then,  by  the 
aid  of  a sharp-pointed  hook,  separates  the  inner  from  the  outer  half 
of  the  tendon  and  passes  the  sutures  which  will  be  used  to  fix  the 
flap  in  position  before  he  divides  the  flap  from  the  sclerotic.  He  then 
cuts  with  scissors  through  the  fascia  above  the  tarsal  plate  and  dis- 
sects down  through  the  soft  tissues  between  the  plate  and  the  skin 
almost  to  the  free  margin  of  the  eyelid.  The  sutures  are  then 
passed  down  in  this  space  and  tied  on  the  skin  surface. 

Roberts  {Ophthalmic  Year-Book,  p.  292,  1916),  to  remedy  an  ag- 
gravated congenital  ptosis,  following  a rather  unsatisfactory  re- 
sult by  Wilder’s  method,  devised  the  following:  After  exposing  the 
oeeipito-frontalis  muscle  and  tendon,  and  by  a separate  incision, 
also  exposing  the  tarsal  plate  of  the  upper  lid,  leaving  a bridge  of 
tissue  between  the  two  incisions,  he  cut  a muscular  flap  from  the  belly 
of  the  oeeipito-frontalis  muscle.  Pie  then  turned  the  flap  downwards 
and  thrust  it  through  a tunnel  beneath  the  bridge  between  the  two 
incisions,  and  sutured  the  flap  to  and  on  the  upper  edge  of  the  exposed 
tarsal  plate.  Returning  to  the  upper  incision,  two  strips  each  half 
the  width  of  the  inverted  flap  having  their  only  attachment  to  the 
muscle  above,  were  cut  on  each  side  of  the  turned  down  flap  which  had 
been  united  to  the  tarsal  plate.  These  strips  were  drawn  toward 
the  fold  of  the  inverted  flap,  attached  to  it  on  its  superficial  sur- 
face, which  formerly  had  been  the  under  surface,  by  a mattress  su- 
ture at  each  end,  and  united  in  the  middle  line  by  a third  suture 
also  put  through  the  turned-over  portion  of  flap.  An  additional 
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suture  was  inserted  at  one  edge  where  the  first  flap  was  bent  over  to 
keep  it  thus  folded.  The  result  was  veiy  satisfactory,  not  only  in 
enabling  the  eyelid  to  be  raised,  but  leaving  a normal  furrow  in  the 
lid  at  the  upper  edge  of  the  tarsal  plate. 

Ptosis  adiposa.  See  BlepharochaJasis,  p.  1033,  Vol.  II  of  this 
Eiwxjclopedia  where  the  various  “false”  forms  of  ptosis  are  dis- 
cussed. The  term  ‘ptosis  adiposa  is,  however,  usually  applied  to  the 
condition  in  which  a fold  of  the  upper  lid  skin  sags  down  and  hangs 
over  the  free  border  of  the  upper  lid. 

This  matter  is  further  discussed  by  Weinstein  {Klin.  Monatshl.  fur 
Augenheilk.,  Oct.,  1907 ; review  by  Traquair,  OpJi.  Eeview,  Dec., 
1909),  who  believes  that  piosis  atonica  or  blepharochalasis  and  pt(f^is 
adiposa  are  different  manifestations  of  the  same  atrophic  process,  and 
gives  an  account  of  a ease. 

Sichel  in  1844  described  ptosis  lipomateux  as  a modification  of 
ptosis  atonique  and  distinguished  both  from  ptosis  paralytique.  In 
ptosis  atonique,  according  to  this  writer,  the  skin  of  the  upper  lid 
is  flabby  and  shrivelled,  sometimes  presenting  transverse  folds  which 
may  hang  down  below  the  free  border  of  the  tarsus.  On  pinching 
up  the  skin  between  the  fingers  the  fold  thus  formed  effaces  itself 
slowly,  often  not  without  some  manipulation.  If  this  excess  of  skin 
is  held  up  the  lid  recovers  its  mobility  more  or  less  completely.  The 
attempts  of  the  levator  palpebrse  to  raise  the  lid  may  be  observed  be- 
neath the  skin.  Both  eyes  are  usually  affected. 

Ptosis  lipomateux  resembles  the  atonic  form,  but  here  the  skin  is 
smooth  and  distended,  presenting  a somewhat  elas^tic  swelling.  Be- 
tween the  skin  and  the  orbicularis  palpebrarum  there  is  a deposit  of 
fat  most  frequently  continuous  with  the  orbital  cellulo-adipose  tissue, 
which  separates  the  fibres  of  the  muscle  and  penetrates  between  them 
to  its  position  beneath  the  skin.  Usually  this  mass  is  enclosed  between 
the  edge  of  the  lid  and  the  covering  fold,  often  however  it  hangs  in 
front  of  the  lower  part  of  the  lid  like  a pad  or  a little  transverse  sac. 
The  weight  of  this  mass  impedes  the  movements  of  the  lid. 

Cases  recorded  by  later  writers  are  quoted  and  one  or  two  points 
are  added  to  SicheUs  description.  The  author  attaches  importance 
to  certain  features  common  to  both  affections:  the  integrity  of  the 
levator  palpebroe,  the  time  of  onset — youth  or  early  adult  life,  the 
occasional  occurrence  of  prolapse  of  the  lachrymal  gland,  sometimes 
unilateral,  more  often  bilateral,  and,  in  ptosis  adiposa,  to  the  fact  that 
the  fat  found  beneath  the  skin  of  the  lid  has  no  capsule  but  is  contin- 
uous with  that  of  the  orbit. 

The  case  which  he  describes  presented  features  similar  to  those  of 
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Sichel’s  ptosis  lipoinateux.  A peasant,  21  years  old,  was  afiBicted 
with  steadily  increasing  swelling  of  the  upper  lids  of  six  years  du- 
ration, When  tlie  eyes  were  opened  the  atrophic  skin  of  the  lids 
hung  down  over  their  free  borders  and  fatty  tissue  could  be  felt 
through  it.  Externally  and  a little  below  the  orbital  margin  on  each 
side  the  lachrymal  gland  could  be  felt  as  a soft,  elastic,  oval  body, 
the  size  of  a raisin,  freely  moveable  in  all  directions,  especially  up- 
wards. The  fat  was  found  to  have  no  capsule  and  to  be  continuous 
with  the  orbital  fat. 

Weinstein  holds  that  the  same  atrophic  process  is  responsible  for 
both  conditions.  When  the  skin  is  affected  ptosis  atonica  or  blepharo- 
chalasis  is  produced,  and,  by  the  spread  of  this  atrophic  process  to 
the  deeper  connective  tissue  of  the  orbit,  the  orbital  fat  is  permitted 
to  pass  foinvards  between  the  fibres  of  the  orbicularis  to  a position 
beneath  the  skin  of  the  upper  lid,  tlien  falling  down  over  the  tarsus 
producing  the  picture  of  ptosis  adiposa.  In  a similar  way  the  sup- 
ports of  the  lachrymal  gland  may  be  loosened  permitting  it  to  pro- 
lapse. 

As  regards  the  etiologA’^  of  this  atrophic  process  the  author  admits 
that  we  are  completely  ignorant.  He  would  group  it  along  with 
idiopathic  progressive  atrophy  of  the  skin,  paralytic  erythema,  ery- 
thromelalgia  and  chronic  progressive  acrodermatitis,  and  suggests 
the  term  ptosk  atropliicn.  instead  of  ptosis  atonica.  In  some  eases 
nervous,  especially  vasomotor,  disturbances  have  been  observed,  and 
many  writers  have  attached  importance  to  the  influence  of  physical 
excitement. 

Of  the  authors  fpioted  only  Looser  affords  complete  support  to 
Weinstein  s view.  Others  have  not  insisted  on  the  close  relationship 
of  the  tw’o  conditions,  regarding  the  presence  of  fat  in  the  lid  as 
due  to  a fat-hernia  or  to  liypertrophy  of  the  subfascial  fat,  and  the 
prolapse  of  the  lachrymal  gland  as  an  accidental  complication  or  a 
congenital  anomah^ 

The  author  is  not  prepared  to  deny  the  possible  existence  of  a 
form  of  ptosis  adiposa  depending  upon  a true  hypertrophy  of  the 
subfascial  fat  without  atrophy  of  the  skin  of  the  lid. 

Ptosis  amyotrophica.  A term  applied  by  Goldzieher  (Centralbl  fur 
pkt.  Augenheilk.,  Peb.,  1890)  to  a very  rare,  isolated,  generality  bi- 
lateral, slowdy  progressive  form  of  the  disease  usually  occurring  in 
old  age,  in  which  all  the  tissues  of  the  lid  undergo  atrophic  changes. 
See,  also.  Ptosis,  Progressive. 

Ptosis  atonica.  See  Blepharochalasis. 
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Ptosis,  Central.  P''alling  of  the  lid  due  to  lesions  of  the  central  nervous 
system.  See  p.  1958,  A^ol.  Ill,  of  this  Encyclopedia: 

Ptosis,  Congenital.  See  p.  2797,  Vol.  IV  of  this  Encyclopedia. 

Ptosis  cutanea.  A name  given  by  Panas  to  blepharochalasis.  See 
p.  1033,  Vol.  II,  of  this  Encyclopedia. 

Ptosis,  Family.  Although  rare,  yet  well  marked  family  inheritance  of 
tliis  congenital  defect  is  on  record.  The  Journal  of  the  Am.  Med. 
Assocn.,  p.  1553,  May  13,  1916,  chronicles  the  chance  discovery  of 
four  generations  of  congenital  ptosis  (“slit-eyes”)  in  northern 
Georgia  by  the  horticulturist  of  the  Georgia  Experiment  Station. 
The  interest  in  the  Georgia  record  lies  in  the  long  succession  of  cases 
of  direct  relationship.  They  include,  among  the  actually  known 
descendants  exhibiting  the  lid  defect,  three  great-gi’andehildren,  six 
grandchildren,  a son  and  his  father.  Among  the  children  involved 
are  both  boys  and  girls,  so  that  the  defect  involving  the  muscula- 
ture of  the  upper  eyelid  cannot  be  regarded  as  sex-linked  in  its  in- 
heritance, as  are  color-blindness  and  one  form  of  night-blindness. 
One  cannot  build  hypotheses  from  a paucity  of  data;  nevertheless 
the  history  here  quoted  might  give  rise  to  a suspicion  that  the  trait 
is  what  students  of  heredity  term  a “simple  Mendelian  recessive,” 
On  this  tentative  basis,  current  theories  would  suggest  either  the 
absence  of  the  factor  for  the  normal  development  of  the  lid  muscle 
or  the  presence  of  an  inhibitor  of  normal  development. 

Sachs  saw  congenital  ptosis  and  epicanthus  in  three  sisters,  whose 
father  had  also  suffered  from  congenital  ptosis.  In  the  family  history 
of  congenital  ptosis,  reported  by  Ginzberg,  the  first  child  was  normal, 
the  sec'ond  had  unilateral  ptosis,  the  third  very  pronounced  bilateral 
])tosis,  the  fourth  moderate  bilateral  ptosis,  and  the  fifth  was  normal. 
The  parents  were  healthy  and  the  history  was  negative. 

Addario  La  Ferla  describes  ptosis  as  a congenital  defect  in  three 
successive  generations.  His  personal  patient  was  a girl  of  15  years. 
She  and  her  paternal  grandmother  had  complete  bilateral  ptosis, 
while  her  father  had  an  incomplete  ptosis.  The  paternal  and  mater- 
nal grandfathers  were  distant  blood  relatives.  See,  also,  under 
Ptosis. 

Ptosis  hysterica.  False  ptosis.  This  form  of  hysteria  is  thought  to  be 
due  to  orbicularis  spasm,  which  may  be  either  tonic  or  clonic.  See 
p.  6124,  Vol.  VTIT  of  this  Encyclopedia.  See,  also.  Ptosis,  as  well  as 

Ptosis,  Spurious. 

Ptosis  iridis.  Hernia  of  the  iris. 

Ptosisklemme.  (G.)  Ptosis  spectacles  or  prop. 

Ptosis  lipomatosa.  Symmetrical  iapomatosis  of  the  lid.  This  con- 
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dition  is  seen  when,  in  consequence  of  individual  peculiarities  in  the 
orbital  fascia,  or  from  transference  of  the  disease  process  to  this 
structure,  prolapse  of  the  orbital  fat  occurs.  If  the  prolapse  of  the 
fatty  tissue  is  of  a high  degree,  a condition  is  seen  which  may  be 
termed  ‘ ‘ fat  hernia  ’ ’ of  the  upper  lid. 

Ptosis,  “Morning.”  Matinal  ptosis.  A neurasthenic  condition  pres- 
ent when  the  patient  (usually  an  anemic  woman)  rises  in  the  morning, 
passing  off  as  the  day  advances.  The  name  was  applied  first  by  Gowers. 

Ptosis,  “Night.”  A term  applied  by  Weir  Mitchell  to  that  form  of 
drooping  lids  observed  in  neurasthenics  who  cannot  keep  their  eyes 
open  as  night  approaches. 

Ptosis  paralytica.  The  form  of  the  disease  due  to  paresis  or  paralysis 
of  that  branch  of  the  third  nerve  supplying  the  levator  palpebrse 
muscle.  See  Ophthalmoplegia. 

Ptosis,  Progressive.  This  is  probably  but  a synonym  for  ptosis  amyo- 
trophica.  E.  Treacher  Collins  {Ophthalmic  Record,  June,  1909),  des- 
cribes an  example  in  a woman  who  came  for  advice,  suffering  from 
defective  sight  and  inability  to  open  the  eyes.  She  had  never  been 
able  to  open  the  eyes  properly,  but  this  difficulty  had  increased  con- 
siderably during  the  last  30  years,  as  shown  by  photographs  taken 
at  intervening  periods.  The  ptosis  was  more  marked  on  the  left  side 
than  on  the  right,  and  there  was  some  sinking  in  of  the  skin  imme- 
diately beneath  the  upper  margin  of  the  orbits,  indicating  some  absorp- 
tion of  orbital  fat. 

Both  cornese  showed  symmetrical  changes,  a central  oval  portion 
alone  preserving  its  transparenc3^  The  boundaries  of  the  normal 
cornea  could  be  made  out  though  of  an  opaque  and  greyish  appear- 
ance. Bloodvessels  proieeded  over  the  cornea  from  the  conjunctiva. 
An  opaque  ring,  like  an  arcus  senilis,  bounded  the  greyish  area  aU 
round  and  was  separated  from  the  peripheral  opacity  by  a semi-clear 
space  like  that  seen  with  a normal  arcus.  There  were  some  central 
lens  opacities,  and  the  vision  was  6/12  with  correction  in  the  right  and 
6/12  minus  in  the  left. 

Cases  of  progressive  bilateral  ptosis  have  been  described  by  Fuchs 
{Arch  fiir  Ophth.,  xxxvii,  p.  234),  all  5 being  females.  Beyond  this, 
Collins  could  recall  only  one  case  of  a similar  nature,  described  and 
figured  in  the  Trans,  of  Ophth.  Society,  vol.  xxiv,  p.  45,  in  a man 
aged  21. 

Ptosis  prop.  A mechanical  device,  usually  some  form  of  spectacles, 
for  holding  up  the  falling  eyelid.  Rayner  Batten  {Ophthalmic 
Review,  p.  29,  Jan.,  1910)  describes  an  orbital  frame  for  eyeglasses 
adapted  for  this  purpose.  These  orbital  eyeglass  frames  depend 
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for  their  attachment  to  the  face  on  two  rigid  or  nearly  rigid  wires 
attached  to  the  lower  part  of  the  frame  and  accurately  adjusted  to 
the  nasal  margin  of  the  orbit,  and  terminate  in  a free  end  lying 
immediately  beneath  the  upper  margin  of  the  orbit.  They  are  de- 
pendent, not  on  a spring,  but  on  the  accuracy  of  their  fit;  and  by 
virtue  of  their  application  to  the  orbital  margin  require  a more  or 
less  prominent  eyebrow  and  a deep  set  eye.  See,  also,  Ptosis. 

Ptosis  senilis.  The  ptosis  of  old  age;  sometimes  regarded  as  a form 
of  ptos^is  atonica.  In  elderly  people  a slight  ptosis  may  be  present  as 
a symptom  of  uncorrected  presbyopia. 

Ptosis,  Spurious.  False  ptosis.  Pseudo-ptosis.  Hysterical  ptosis. 
Palling  of  one  or  both  upper  lids  as  a manifestation  of  hysteria  is 
not  very  uncommon.  See  Ptosis,  Hysterical. 

An  example  of  pseudoparalytic  (hysterotraumatic)  ptosis  follow- 
ing an  injury  is  cited  by  Bettremieux  {Clique  Ophtalm.,  May  10, 
1907.)  The  patient,  a carpenter  22  years  old,  was  injured  March  10, 
1906,  by  the  falling  of  a heavy  piece  of  wood  which  produced  a right 
fronto-parietal  contusion  with  cerebral  concussion.  The  injury  did 
not  seem  to  produce  any  serious  consequence,  and  a^t  the  end  of 
March  the  man  returned  to  work.  He  complained  in  April  that  the 
vision  of  the  right  eye  had  diminished,  and  the  question  was  raised 
as  to  whether  there  was  an  optic  nerve  lesion.  Bettremieux  saw  the 
case  IMay  3 and  found  a complete  closure  of  the  right  eye,  with  low- 
ering of  the  corresponding  eyebrow,  which  eliminated  the  diagnosis 
of  a true  ptosis.  There  was  no  appreciable  lesion  discovered  by  oph- 
thalmoscopic examination.  The  pupillary  reflex  was  normal ; patient 
complained  of  a pronounced  amblyopia  of  the  right  eye.  From  sev- 
eral proofs  of  simulation,  Bettremieux  believed  that  the  amblyopia 
was  fei^ed,  and  two  confreres  conflrmed  that  opinion,  which  was 
based  on  the  fact  of  the  association  in  the  same  subject  of  hystero- 
traumatic blepharospasm  and  simulated  amblyopia.  Such  a combina- 
tion would  be  an  exception  to  the  rule  of  Parinaud,  that  amblyopia 
or  amaurosis  does  not  occur  with  blepharospasm.  There  was  anesthe- 
sia of  the  pharynx  and  nearly  complete  right  hemianesthesia,  with  a 
few  zones  of  intermittent  sensibility;  the  Imee  tendon  reflex  was  nor- 
mal; the  right  plantar  reflex  was  suppressed.  The  visual  acuity  of 
the  left  eye  was  nonnal ; the  limits  of  the  field  for  this  eye  were  ap- 
proximately the  same  for  all  directions:  30  degrees  for  white,  20  de- 
grees for  red  and  green,  and  10  degrees  for  blue.  Medical  treatment 
and  electrization  gave  no  result.  Operation  for  ptosis  was  refused. 

Laignel-Lavastine  and  Ballet  (Oplitfui-lmic  Year-Booh,  p.  291, 
1916)  report  a case  of  pseudo-hysterical  ptosis,  first  described  by 
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Charcot  and  Parinaud,  lids  falling  without  folds,  head  thrown  back- 
ward, contraction  of  the  frontalis  on  attempts  to  open  the  ej^es,  drop- 
ping of  eyebrow.  This  faulty  habit,  consecutive  to  an  insignifi- 
cant traumatism,  partly  disappears  under  compression  of  the  eye. 
The  functional  oculo-palpebral  synergism  (opening  the  left  eye  on 
compression  of  the  right)  is  not  explicable  by  any  nervous  connec- 
tion. It  resembles  the  ordinary  synergism  of  a marksman  taking 
aim,  the  palpebral  aperture  of  whose  aiming  eye  widens  during  con- 
traction of  the  orbicularis  of  the  opposite  side. 

False  (i.  e.,  non-paralytic  or  non-congenital)  ptosis  may  also  be  seen 
in  patients  with  lid  tumors  and  palpebral  inflammations. 

Ptosis  sympathica.  A name  given  by  Horner  and  Stellwag  to  a rare 
form  of  ptosis  due  to  paresis  of  the  cervical  sympathetic  nerve,  occur- 
ring in  connection  with  miosis  and  vascular  paral3’^sis  of  the  side  of 
the  face  affected. 

Ptosis  traumatica.  A form  of  the  disease  due  to  injury. 

Ptosis,  Unilateral.  This  may  be  a genuine  traumatic,  para^dic  sequel 
of  instrumental  delivery.  It  is  the  form  usually  associated  witli  jaw- 
winking and  with  tumors  and  chronic  infections  of  the  upper  lid. 

Ptotic.  Pertaining  to  or  affected  with  ptosis. 

P.  T.  R.  Abbreviation  for  Ger.  Perlsiicht  Tuherculiii  Rest,  a tuberculin 
prepared  from  bovine  bacilli  in  the  same  manner  as  Koch’s  new 
turberculin. 

Puberty,  Ocular  diseases  of.  Although  Parsons  {Pathology  of  the  Eye, 
p.  1303)  quotes  a number  of  observations  that  seem  to  confirm  the 
contentions  of  the  early  writers  that  the  adolescent  changes  that 
accompany  puberty  are  causes  or  coincidents  of  eye  disease,  it  can- 
not be  said  that  they  really  stand  in  the  relation  of  cause  and  effect. 
See,  for  example.  Adolescence,  Cataract  of,  p.  102,  Vol.  I;  also. 
Childhood,  Diseases  of,  p.  2057,  Vol.  Ill  of  this  Encyclopedia. 

Puddlers,  Eye  diseases  of.  Ocular  affections  of  workers  in  glass  fac- 
tories and  iron  foundries  who  are  exposed  to  the  intense  glare  and 
heat  of  furnaces  have  been  considered  under  Dazzling,  p.  3778, 
Vol.  V;  Glassblower’s  cataract,  p.  5395,  Vol.  VII,  and  similar 
captions  in  this  Encyclopedia.  Electric  welding  is  one  of  the  objec- 
tionable occupations  from  this  standpoint  when  there  is  not  adequate 
protection  for  the  e.ye. 

Bernard  Cridland  {Ophthalmoscope,  p.  126,  March,  1915),  draws 
attention  to  the  fact  that  the  occupation  of  a “puddler”  is  one,  which, 
for  a considerable  time  during  the  day,  involves  the  exposure  of  the 
eyes  to  a combination  of  intense  light  and  heat.  He  has  to  look,  almost 
continuously,  at  molten  iron  through  a small  rectangular  opening. 
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during  a iieriod  of  from  one  to  two  hours.  The  period  is  called  a 
“heat,”  and  there  are  six  or  seven  “heats”  in  a day,  with,  as  a rule,  a 
half-hour  interval  between  each. 

Practically,  none  of  the  men  wear  (especially  in  Great  Britain)  pro- 
tective goggles  of  any  kind,  so  that  the  full  force  of  the  light  and 
heat  falls  directly  upon  the  eyes. 

A good  example  of  the  effects  of  puddling  on  the  eyes  was  that  of 
]\r.  F.,  aged  50  years,  for  thirty  years  a “pnddler,”  who  presented  him- 
self complaining  that  his  vision  had  steadily  diminished  for  a year, 
especially  during  the  past  month.  There  was  no  history  of  previous 
ocular  trouble,  and  no  family  history  of  cataract. 

The  man  himself  was  healthy,  hut  looked  older  than  his  years. 

On  examination  of  the  eyes,  the  lids  and  conjunctivEe  presented  the 
weather-worn  appearance  of  those  of  a man  engaged  in  a dusty  trade. 
Both  corneEB  were  clear,  the  anterior  chambers  normal  in  depth,  the 
irides  sound  and  the  pupils  reacted  well.  Through  the  undilated  pupils 
(rather  small)  the  lenses  appeared  greyish-white,  as  though  mature 
senile  cataracts  were  present  in  each  eye,  but  on  dilation  with  homa- 
tropine  and  cocaine,  both  were  seen  to  present  the  type  known  as 
“glassblowers’  cataract.”  The  right  lens  showed  a moderately  dense 
posterior  polar  and  cortical  opacity,  surrounded  by  a less  dense  area 
with  a well-marked  irregularly-circular  outline.  The  periphery  of  the 
lens  showed  some  dot  opacities  with  several  strise  downwards  and  in- 
wards and  a few  scattered  smudges  elsewhere.  A moderately  clear 
view  of  the  vitreous  and  fundus  was  obtainable ; they  appeared  normal. 
The  left  lens,  as  compared  with  the  right,  showed  a much  denser  posteri- 
or polar  and  cortical  opacity,  surrounded  by  a less  dense  area  with  a 
well-marked  circular  outline,  the  extent  of  which,  however,  was  less 
than  that  of  the  right  lens.  Some  striEe  and  dots  were  to  be  seen  in  the 
comparatively  clear  periphery.  The  vitreous  was  clear  and  fundus 
normal.  The  vision  of  each  eye  with  the  undilated  pupil  had  been  re- 
duced to  ability  to  count  fingers  at  two  feet,  but  was  distinctly  im- 
proved by  dilation. 

Such  cases  are  by  no  means  common.  The  writer,  who  had  oppor- 
tunities of  examining  many  such  iron-workers  was  unable  to  recall 
more  than  four  or  five  others  in  the  past  ten  years. 

If  it  be  true  in  the  case  of  glassblowers  that  this  type  of  cataract  is 
directly  due  to  the  occupation,  and  there  is  no  reason  to  doubt  it,  it 
should  equally  be  held  that  in  the  case  of  a “puddler”  developing 
the  type,  the  occupation  is  responsible,  for  the  working  conditions  are 
so  similar. 

The  “puddler,”  then,  becomes  entitled  to  the  same  compensation 
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(all  too  small)  that  the  glassblovver,  so  afflicted,  enjoys  under  the 
British  Workmen’s  Compensation  Act. 

The  addition  of  the  “puddler”  to  the  glasshlower  in  the  industrial 
disease  schedule  would  mean  a small  matter  to  the  employers,  for  the 
number  of  cases  is  small,  but  to  the  individual  concerned  it  would  mean 
the  difference  between  pauperism  and  ability  to  hold  on  until  a suc- 
cessful operation  restores  useful  sight  to  him  and  enables  him  to  do 
some  work. 

In  the  event  of  it  being  generally  accepted  that  this  type  of  cataract 
can  occur  in  trades  other  than  that  of  the  glasshlower  (in  America 
this  is  already  so),  a more  scientific  term  might  be  adopted  to  dis- 
tinguish the  characteristic  posterior  polar  opacity  which  follows  the 
prolonged  exposure  of  the  naked  eye  to  intense  light  and  heat. 

The  term  “light  cataract”  or  “heat  cataract”  would  indicate  that 
light  rays  alone,  or  heat  rays  alone,  were  the  etiological  factor,  but  as 
this  has  not  been  decided,  Cridland  suggests  the  term  “ray  cataract,” 
as  being  an  inclu.sive  one  and  indicating  that  the  etiological  factor  was 
the  action  of  heat  or  light  rays,  or  of  both,  as  the  case  may  be. 

The  same  writer  (Ophthalmoscope,  p.  25,  Jan.,  1916),  gives  an  ac- 
count of  a second  case  in  an  iron-smelter. 

T.  W.,  a^t.  66,  had  worked  as  a puddler  for  48  years  and  had  never 
been  in  a glass-furnace.  During  his  work  he  had  not  worn  protec- 
tive goggles.  See  Pugh  glasses. 

When  first  seen  he  complained  that  his  vision  had  been  failing  for 
the  past  three  or  four  years,  but  that  there  had  been  no  alteration 
since  January  last,  when,  on  account  of  his  faulty  vision,  he  had 
been  forced  to  give  up  his  work. 

On  examination,  both  eonjunctiv®  presented  the  chronically  inflamed 
appearance  usually  met  with  amongst  iron-workers.  The  corneae  were 
clear;  irides  normal  and  reacting  fairly  well.  The  vision  of  each  eye 
was  2/60th,  not  improved  by  glasses.  Through  the  undilated  pupils, 
the  lenses  presented  the  appearance  of  nearly  mature  senile  cataracts. 

The  right  lens  showed,  through  the  dilated  pupil  by  the  oblique  il- 
lumination, a central  nuclear  haze  with  (situated  at  the  posterior  pole 
and  lying  in  the  most  posterior  layers  of  the  cortex)  a small  dense 
opacity,  oval  in  shape,  with  long  axis- horizontal.  Its  center  was  clearer 
than  its  edge,  which  was  well-defined,  but  occupied  by  a smaller  ring 
concentric  with  it  and  apparently  lying  in  a plane  posterior.  The  peri- 
iffieral  part  of  the  lens  was  comparatively  clear,  although  showing 
radial  striate  opacities. 

AVith  the  ophthalmoscope  the  small  central  opacities  could  not  be 
detected,  but  instead  there  was  seen  a somewhat  dense  opacity  roughly 


PUERPERAL  AMAUROSIS 


10525 


quadrilateral  in  shape  and  occupying  a much  greater  area.  The  left 
lens  presented  much  the  same  appearance,  namely,  small  central  ring 
opacities  by  obli(iue  light  and  a larger  less  dense  opacity,  quadrilateral 
in  shape  with  the  ophthalmoscope.  On  the  whole,  this  lens  was  more 
opaque  than  the  right  and  the  radial  strije  at  the  periphery  were  more 
marked.  Both  fundi  were  easily  examined  through  the  peripheral 
portions  of  the  lenses  and  showed  no  lesions.  The  first  case  had  been 
successfully  operated  on.  No  needling  was  found  necessary,  notwith- 
standing the  comparatively  large  amount  of  clear  lens  substance  present 
in  each.  A perfectly  clear  view  of  each  fundus  was  obtainable.  R.  V.  on 
correction  equals  6/12.  Fundus  normal,  and  there  was  no  apparent 
reason  why  the  vision  should  not  be  better.  The  question,  therefore, 
arises  whether  a lesion  of  the  retina  at  the  macular  region  or  in  the 
nerve  may  not  be  present  in  addition  as  the  result  of  the  prolonged 
exposure  to  heat  and  light  rays. 

Puerperal  amaurosis.  See  Pregnancy,  Eye  complications  of.  To  what 
is  found  there  and  elsewhere  in  this  Encyclopedia  may  be  added  the  ob- 
servations of  Sydney  Stephenson  and  W.  P.  Herringham  {The  Ophthal- 
moscope, March,  1910).  The  authors  record  two  cases  of  puerperal 
amaurosis. 

The  first  was  one  of  albuminuria  and  headache  in  a primipara  fol- 
lowed shortly  after  delivery  by  temporary  blindness  without  ophthal- 
moscopic changes.  No  eclampsia.  Recovery. 

The  second  was  one  of  albuminuria,  temporary  blindness  without 
ophthalmoscopic  changes,  and  eclampsia  in  a primipara.  Recovery. 

In  the  first  case  a woman  of  23  years  lost  her  sight  completely  and 
suddenly  soon  after  normal  labor,  before  which  she  had  suffered  from 
severe  headaches,  and  her  urine  was  known  to  contain  albumin.  At 
the  same  time  that  her  sight  was  lost  she  was  affected  with  headaches, 
vomiting  and  became  semi-somnolent.  The  pupils  retained  their  di- 
rect action  to  light.  Improvement  in  sight  speedily  set  in.  Two  days 
after  delivery  she  had  perception  of  light.  On  the  following  day 
large  objects  could  be  recognized.  Five  days  after  delivery  she  could 
count  fingers  at  six  feet  and  on  the  next  day  she  could  read  ordinary 
newspaper  type  with  one  eye.  Twenty-one  days  after  delivery  vision 
with  correction  was  R.E.  6/6,  L.E.  6/12,  1 letter. 

In  the  second  case  delivery  was  by  forceps  under  chloroform.  As 
soon  as  the  patient  recovered  from  the  anesthetic  she  complained  of 
headache  and  vomited  once.  It  was  then  found  that  she  was  com- 
pletely blind.  The  pupils  preserved  their  normal  reaction.  After  six 
hours  of  blindness  she  developed  a typical  eclampsial  fit,  which  lasted 
for  about  a minute  and  was  followed  by  a period  of  unconsciousness 
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lasting  about  10  minutes.  When  she  regained  consciousness  sight 
had  returned.  Four  days  after  delivery  the  patient  could  read  and 
readily  distinguish  things  about  the  ward.  She  left  the  hospital  a 
fortnight  later. 

About  fifty  cases  are  cited  from  the  literature  on  the  subject.  In 
these  cases  amaurosis  or  amblyopia,  apparently  not  dependent  upon 
uremia,  supervened  during  pregnancy,  labor  or  childbed.  Many  were 
accompanied  by  eclampsia  and  nearly  all  by  albumin  in  the  urine.  It 
is  probable  that  the  etiology  of  these  cases  is  essentially  the  same 
whether  they  occurred  before,  during,  or  after  labor,  and  the  authors 
make  the  following  comments  upon  them:  1.  The  existence  in  most 
cases  of  convulsions — so  called  “puerperal  eclampsia.”  2.  The  pres- 
ence in  the  urine,  which  is  usually  excreted  in  scanty  amount,  of  al- 
bumin, blood,  and  various  kinds  of  tube-casts.  3.  The  existence  of 
headache.  4.  The  co-existence  of  edeana  of  the  eyelids,  face,  and  else- 
where. 

That  the  defect  in  sight  may  be  a premonitory  sign  of  puerperal 
eclampsia  is  shown  in  the  authors’  second  case  as  well  as  in  others 
cited.  It  is  more  common  for  the  amblyopia  or  amaurosis  to  super- 
vene after  one  or  more  “fits”  have  taken  place. 

Eclampsia  need  not  occur,  as  in  the  authors’  first  case,  where  the 
blindness  alone  occurred.  The  occurrence  of  eclampsia  in  some  preg- 
nancies and  of  amaurosis  in  others  is  an  argument  against  the  de- 
pendence of  one  on  the  other,  and  in  favor  of  a common  casual  factor. 
Moreover  eclampsia  may  occur  in  one  pregnancy  and  amaurosis  in 
another  as  in  a case  quoted. 

Eclampsia,  and  so  amaurosis,  according  to  modern  views  is  due  to 
a poisoning  of  the  mother  by  products  of  her  own  metabolism,  and 
possibly  those  of  the  fetus,  which  her  excretory  organs  are  incapable 
of  removing.  The  amaurosis  in  association  with  the  severe  vomiting 
of  pregnancj^  is  mentioned  as  being  most  probably  of  a similar  nature. 
The  authors  draw  the  following  conclusions: — 

1.  That  a form  of  amaurosis  or  amblyopia,  not  accompanied  b}" 
ophthalmoscopic  signs,  or,  at  least,  by  none  adequate  to  account  for 
the  condition,  ma^^  supervene  during  pregnancy,  parturition,  or  the 
puerperium. 

2.  That  rarely  it  may  assume  the  form  of  a hemianopic  defect  or 
of  a central  scotoma  in  the  field  of  vision. 

3.  That  it  is  often  associated  with  such  signs  and  symptoms  of 
toxemia  as  headache,  edema,  eclampsia  and  scanty  urine,  containing 
albumin,  casts  and  blood. 
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4.  That  it  appears  to  form  one  of  the  rarer  manifestations  of  tox- 
emic poisoning. 

5.  That  it  is  not  proved  to  be  dependent  upon  uremia,  although  it 
has  usually  been  confused  with  so-called  “uremic  amaurosis.” 

6.  That  it  recovers,  as  a rule,  completely  within  a few  hours  or 

days. 

The  paper  concludes  with  a note  by  Herringham  in  which  in- 
cludes notes  of  three  cases  more  or  less  analogous  to  those  reported 
by  Stephenson. 

In  Case  1 there  was  chronic  nephritis,  toxic  amblyopia  and  slight 
choroiditis  in  a primipara.  The  patient  recovered. 

Case  2 was  one  of  eclampsia  and  amblyopia. 

Case  3 was  one  of  puerperal  eclampsia  and  temporary  amaurosis. 

Chronic  renal  disease  is  present  in  some  of  the  cases  of  amblyopia 
associated  with  pregnancy.  He  maintains  that  the  subsequent  his- 
tory of  good  health  in  so  many  cases  excludes  the  possibility  of  it  al- 
ways being  present.  Moreover  albuminuria  though  almost  always, 
is  not  always  present.  He  disposes  of  the  contention  that  the  con- 
dition is  due  to  an  acute  or  subacute  nephritis,  by  the  fact  that  he 
has  never  seen  transient  amblyopia  without  fundus  changes  except  in 
connection  with  pregnancy. 

It  occurred  to  him  that  it  would  surely  be  met  with  in  cases  of  scar- 
latinal nephritis  if  it  was  associated  with  nephritis,  and  he  accord- 
ingly consulted  Foord  Caiger  on  the  subject.  The  latter  s opinion 
founded  on  his  vast  and  special  experience  was  entirely  contrary 
to  the  supposition.  (J.  F.  Cunningham;  the  Oph.  Review,  p.  239, 
Aug.,  1910.) 

Boyle  records  the  case  of  a young  married  woman  whose  eyes 
became  inflamed  the  same  day  she  was  delivered  of  a dead  child. 
She  had  an  old  pelvic  abscess  which  had  been  operated  on,  whether 
before  pregnancy,  Boyle  could  not  say.  She  had  increased  temper- 
ature with  all  the  other  symptoms  of  puerperal  fever.  The  eyelids 
were  swollen,  conjunctiva  red  and  chemosed,  cornea  commencing 
to  be  hazy,  anterior  chamber  very  deep,  iris  drawn  back,  pupil 
contracted,  and  aqueous  humor  becoming  cloudy.  Boyle  made  a 
diagnosis  of  metastatic  iridochoroiditis.  See,  also.  Metastasis,  Ocular, 
p.  7664,  Vol.  X,  of  this  Encyclopedm. 

Pugh  glasses.  These  protectives  are  the  American  standard  for  open 
hearth  work.  Continuous  use  by  workmen  of  these  glasses  has  so  ac- 
customed them  to  the  effect  upon  molten  metal  that  they  are  able  to 
tell  when  using  them  just  when  the  metal  has  been  heated  to  the 
proper  temperature.  These  lenses  are  of  separate  shades  of  blue  for 
different  uses,  and  for  different  furnaces. 
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Pulley  suture.  A form  of  stitch  used  by  F.  Krauss  {Ophthalmic 
Record,  July,  1916)  for  the  restoration  of  the  sulcus  in  extensive 
symplepharon. 

Pulsadergeschwulst  der  Augenhohle.  (G.)  An  aneurysm  of  the  orbit. 

Pulsatilla.  Easter  flower.  Dane’s  blood.  Pasque-flower.  The 
whole,  dried  plant  of  Anemane  pulsatilla  contains  tannin  and 
anemonin,  a colorless,  odorless,  insoluble  acrid  camphor.  The  N. 
D.  says  that  there  is  probably  no  drug  in  the  pharmaeopeia  that 
has  been  used  in  so  many  diseases  or  had  so  many  virtues  attributed 
to  it.  We  need  not  be  surprised  to  learn,  then,  that  in  medicinal 
doses  of  2 to  5 grains  (0.10-0.30)  or  of  anemonin,  gr.  % to  it  has 
been  recommended  as  eurative  of  cataract,  especially  by  those  who 
have  not  made  an  extensive  study  of  that  particular  metamorphosis. 
(See  Cineraria  maritima.) 

Pulsating  exophthalmus.  Pulsating  angioma.  See  Exophthalmus, 
Pulsating,  p.  4860,  Vol.  VII  of  this  Encyclopedia.  In  addition  to 
the  account  there  given  a number  of  other  observations,  since  made, 
may  well  be  published  here. 

F.  Krause  {N.  Y.  Med.  Journal,  p.  877,  May  6,  1916),  reeords  a 
case  of  pulsating  vessel  in  the  orbit,  probably  an  enormously  dilated 
branch  of  one  of  the  ophthalmic  vessels,  that  refused  operation  and 
became  blind  in  the  affected  eye  from  optic  atrophy  preceded  by  or- 
bital edema,  fixation  of  the  globe,  optic  swelling,  contraction  of  the 
fields,  etc. 

Zentmayer  (Jo-urn.  Am.  Med.  Assocn.,  p.  163,  July  15,  1916),  gives 
a report  of  two  eases  in  his  own  practice  and  finds  from  their  study 
and  that  of  others — 29  in  all — that  the  common  carotid  was  ligated 
sixteen  times,  resulting  in  a cure  in  seven,  improvement  in  five  and 
failure  in  four. 

Combined  ligation  of  the  common  carotid  and  the  ophthalmic  vein 
was  done  once,  resulting  in  a cure. 

Combined  ligation  of  the  internal  carotid  and  the  facial  vein  was 
done  once,  resulting  in  a cure. 

Ligation  of  the  orbital  veins  was  done  once,  resulting  in  .slight  im- 
provement. 

Slow  ligation  of  the  carotid  was  done  twiee,  resulting  in  one  cure 
and  one  slight  improvement. 

Ligation  of  both  carotids  was  done  once,  resulting  in  failure. 

Compression  of  the  carotid  and  internal  treatment  was  followed 
in  four  eases,  resulting  in  cure  in  two,  improvement  in  one,  and  result 
unknown  in  one. 

Gelatin  injections  were  used  in  one  case,  resulting  in  a cure. 

There  was  no  treatment  in  six  cases. 
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Combiniug  these  eases  with  those  analyzed  in  Bedell’s  paper,  we 
find  that  the  common  carotid  artery  was  tied  thirty-two  times  with 
cnre  in  twelve,  or  37.5  per  cent.,  improvement  in  twelve,  or  37.5  per 
cent.,  and  failure  in  eight,  or  25  per  cent. 

The  orbital  operation,  ligation  of  the  ophthalmic  vein,  was  done  in 
six  cases  (including  the  case  mentioned  by  de  Schweinitz  in  dis- 
cussion), with  cure  in  three,  or  50  per  cent.,  improvement  in  one,  or 
16  per  cent.,  and  failure  in  two  (one  fatality),  or  33  per  cent. 

Gelatin  injections  were  used  in  four  cases  with  cure  in  two,  or 
50  per  cent.,  improvement  in  one,  or  25  per  cent.,  and  failure  in  one, 
or  25  per  cent. 

It  is  to  be  particularly  noted  that  in  this  combined  series  there 
are  thirty-two  cases  of  ligation  of  the  common  carotid  without  a 
fatality.  Just  how  frequently  late  cerebral  softening  results,  it  is 
difficult  to  say;  but  if  this  complication  can  be  averted,  as  is  claimed, 
by  slow  ligation,  it  would  seem  that  inasmuch  as  death  may  result 
from  simple  ligation  of  the  ophthalmic  vein  and  that  late  serious 
hemorrhage  into  the  orbit  necessitating  ligation  of  the  carotid  artery 
has  occurred,  and  that  finally,  in  traumatic  pulsating  exophthalmos 
the  lesion  is  usually  an  aneurysm  of  the  internal  carotid  in  the  cav- 
ernous sinus,  the  order  of  surgical  procedure  indicated  is  slow  liga- 
tion of  the  common  carotid,  followed  by  ligation  of  the  ophthalmic 
vein  in  those  cases  in  which  the  primary  operation  fails  to  effect  a 
cure. 

Inasmuch  as  the  results  with  gelatin  injections  have  been  favorable 
in  the  few  eases  in  which  they  have  been  tried,  there  can  be  no  ob- 
jections to  their  employment  if  the  patient  is  seen  early. 

To  the  foregoing  experiences  may  be  added  those  of  J.  Ginzburg 
{Klin.  MonMl.  f.  Augenheilk.,  Dec.,  1912,  abstract  in  the  Ophthal- 
moscope, p.  17,  March,  1914.)  He  reports  a case  of  pulsating  ex- 
ophthalmos, and  discusses  the  possibilities  of  treatment  in  this  con- 
dition. His  patient  received  a blow  on  the  left  supra-orbital  region 
which  led  to  unconsciousness  and  other  signs  of  basal  fracture.  The 
eye  on  the  injured  side  presented  a double  choroidal  rupture,  but 
was  otherwise  normal.  On  the  opposite  side,  exophthalmos  devel- 
oped next  day,  and  nine  days  later,  pulsation  of  the  globe  and  pro- 
nounced pulsation  of  the  retinal  vessels.  The  other  symptoms  were 
anesthesia  of  the  first  division  of  the  fifth  nerve,  complete  immobil- 
ity of  the  eye,  loss  of  pupil  light  reflexes,  total  blindness,  and  the 
fundus  picture  of  division  of  the  optic  nerve  in  the  optic  canal,  all 
on  the  right  side.  The  diagnosis  was  basal  fracture  injuring  the  optic 
nerve  in  the  optic  canal  and  wounding  the  internal  carotid  artery 
and  the  ocular  nerves  in  the  cavernous  sinus. 
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Treatment  by  digital  compression  of  the  carotid  was  without  effect, 
and  ligature  of  the  right  common  carotid  produced  no  lasting  benefit. 
Complete  disappearance  of  the  exophthalmos,  pulsation,  murmurs, 
and  other  symptoms,  followed  ligature  of  the  superior  ophthalmic 
vein  in  the  orbit.  Vision  was,  of  course,  permanently  lost,  and 
there  was  a corneal  opacity  due  to  ulceration. 

In  discussing  the  operative  measures  employed  in  this  condition, 
Ginzburg  points  out  that,  while  ligature  of  the  carotid  gives  a fair 
proportion  of  good  results  (64.5  per  cent,  more  or  less  completely 
relieved),  it  is  not  without  danger  to  life.  The  actual  figures  vary 
greatly  in  the  opinion  of  different  authors,  but  they  work  out  the 
average  number  of  deaths  as  9.9  per  cent.,  and  it  is  higher  in  cases 
in  which  the  ligature  has  been  applied  on  both  sides.  The  other  opera- 
tions recommended  are  intra-orbital,  and  of  these  the  most  important 
is  ligature  of  the  superior  ophthalmic  vein.  It  is  based  on  the  prin- 
ciple that  ligature  of  the  efferent  vessel  from  an  aneurysmal  varix 
has  the  same  effect  as  ligature  of  the  afferent.  While  the  orbital  opera- 
tions seem  to  be  free  from  risk  to  life,  they  have  led,  in  about  50 
per  cent,  of  the  cases,  to  functional  derangements,  such  as  corneal 
ulcer,  immobility  of  the  eye,  ptosis,  optic  atrophy,  and  glaucoma. 
In  all  but  a few  cases  hitherto,  ligature  of  the  superior  ophthalmic 
vein  has  followed  ligature  of  the  carotid,  and  it  is  impossible  to  say 
how  much  of  the  good  result  is  attributable  to  the  first  operation. 
We  are  probably  justified  in  claiming  that  the  most  certain  way  to 
obtain  a good  result  is  to  combine  ligature  of  the  common  carotid  and 
of  the  superior  ophthalmic  vein  on  the  same  side.  This  brings  about 
obstruction  both  of  the  afferent  and  of  the  efferent  channels  of  the 
varix.  It  is  much  more  rational  than  ligature  of  both  carotids,  and 
much  less  dangerous  to  life.  The  superior  ophthalmic  vein  should 
first  be  ligatured,  and  the  carotid  later,  if  necessary.  Ligature  of  the 
superior  ophthalmic  vein  is  not  an  easy  operation,  and  it  is  not 
facilitated  by  Kronlein’s  procedure.  It  is  perhaps  better  not  to 
attempt  the  application  of  a ligature,  but  simply  to  clamp  the  vein  in 
the  depth  of  the  orbit,  and  leave  the  clamp-forceps  in  the  wound 
for  some  days. 

Pulsation,  Retinal.  Arterial  pulsation.  Venous  pulsation.  Capil- 
lary PULSATION.  See  Heart  disease,  Eye  symptoms  in,  p.  5717,  Vol. 
VIII  of  this  Encyclopedia;  also  Glaucoma. 

The  common  occurrence  of  venous  (retinal)  pulsation  as  a normal 
phenomenon  must  not  be  forgotten;  as  well  as  the  fact  that  arterial 
pulsation  does  not  necessarily  indicate  disease. 
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By  far  the  most  complete  account  of  this  symptom  is  furnished 
in  an  essay  by  Ballantyne  (^OphthdlnioscopCf  May- August,  1913, 
reviewed  by  Walter  Parker,  Annals  of  Ophthalmology,  July  and 
Oct.,  1913),  in  which  a description  and  explanation  of  the  various 
forms  of  retinal  arterial  pulsation  and  their  clinical  significance  are 
given. 

The  pulsation  seen  in  the  retinal  arteries  is  considered  under  four 
heads:  (1)  Th^  locomotor  pulse;  (2)  the  expansile  pulse;  (3)  the 
capillary  pulse,  sometimes  found  in  association  with  these  two  and 
therefore  described  in  this  connection,  and  (4)  the  pressure  pulse, 
collapsing  pulse  or  intermittent  inflow. 

The  locamotor  pulse  consists  of  a rhythmic  displacement  of  the 
artery  almost  synchronous  with  the  cardiac  systole,  and  may  be  looked 
for  in  three  different  situations:  (a)  In  the  artery  and  its  branches 
on  the  disc,  (b)  in  the  branches  as  they  pass  across  the  fundus,  and 
(c)  at  points  where  bifurcation  of  a retinal  artery  occurs.  Of  these 
three  forms  of  the  locomotor  pulse  by  far  the  most  frequently  ob- 
served is  the  second.  In  all  three  forms  the  movement  consists  of  a 
sudden  displacement,  followed  by  a less  sudden  return  to  the  original 
position.  It  agrees  further  with  the  radial  and  other  arterial  pulses 
in  having  an  interval  before  each  systolic  beat  corresponding  to  the 
long  pause  of  the  cardiac  cycle.  Intermission  of  the  heart  beat  is 
often  manifested  by  intermission  of  the  retinal  pulse.  The  loco- 
motor pulse  is  most  readily  seen  in  the  curved  portions  of  the  arteries 
near  the  disc,  and  is  synchronous  with  the  radial  pulse. 

The  expansile  pulse  is  seen  as  a broadening  of  the  blood  column 
and  of  the  central  light  streak.  It  is  seen  equally  well  in  the  straight- 
est  arteries,  and  is  often  found  in  the  finer  and  straighter  branches 
well  out  in  the  fundus.  Sometimes  the  locomotor  pulse  alone  is  seen 
on  and  near  the  disc,  and  the  expansile  pulse  alone  in  the  periphery 
of  the  fundus. 

Like  the  locomotor  pulse,  tlie  expansile  pulse  shows  a more  sudden 
pha.se  (expansion)  followed  by  a less  sudden  contraction,  and  then 
a pause;  three  phases  corresponding  respectively  to  the  systole, 
diastole,  and  long  pause,  of  the  heart.  Irregularities  and  intermis- 
sions of  the  heart’s  action  are  also  reproduced  in  similar  variations 
of  the  expansile  pulse. 

The  capillary  pulse,  when  present,  is  confined  entirely  to  the  disc. 
If  the  whole  surface  of  the  disc  is  of  uniform  tint,  the  pulse  takes 
the  form  of  a rhythmic  deepening  and  lightening  of  the  tint.  If,  on 
the  other  hand,  the  disc  has  one  part  more  and  another  part  less 
va.scular,  the  pulse  is  seen  as  a rhythmic  extension  of  the  more  vascu- 
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lar  area,  as  one  sees  it  under  the  nail,  in  the  familiar  clinical  test.  The 
flushing  of  the  disc  accompanies  the  cardiac  systole,  and  blanching 
accompanies  the  diastole.  The  systolic  phase  is  the  more  sudden,  and 
the  diastolic  is  followed  by  a pause.  The  capillary  pulse  seems  to 
be  absolutely  synchronous  with  the  arterial  pulse  and  with  the  radial 
pulse. 

The  pressure  pulse  owes  its  name  to  the  fact  that  it  is  brought 
about  by  high  intraocular  pressure,  but  the  terms  “collapsing  pulse” 
and  “intermittent  inflow”  have  more  descriptive  value. 

This  phenomenon  cdnsists  in  alternate  filling  and  emptying  of  the 
central  ends  of  the  branches  of  the  central  retinal  artery,  and  it  ap- 
parently never  extends  outside  the  limits  of  the  disc.  The  filling  is 
synchronous  with  the  rise  of  the  radial  pulse,  and  the  emptying 
with  its  fall,  and  the  changes  are  so  sudden  that  it  is  difficult  or  im- 
possible to  make  out  the  direction  of  the  blood  stream  as  it  enters  or 
leaves  the  vessel.  It  presents  the  appearance  of  a column  of  blood 
flashing  suddenly  into  and  out  of  sight. 

Thirty-six  per  cent,  of  healthy  persons  show  some  foimi  of  arterial 
pulse  in  the  retina,  so  that  the  arterial  pulse  is  physiologic  in  the 
sense  that  it  is  a common  occurrence  in  health. 

In  order  that  a pulse  should  be  visible  in  any  vessel,  it  is  necessary 
(1)  that  the  blood  pressure  in  the  vessel  should  be  affected  by  the 
pulse  wave,  and  (2)  that  this  should  cause  a rhythmic  expansion  and 
contraction  of  the  vessel,  of  sufficieiit  amplitude  to  be  visible.  There 
are  strong  reasons  for  believing  that  the  physiologic  venous  pulse  is 
a pulse  transmitted  through  the  capillaries  from  the  retinal  arteries, 
and  if  we  accept  that  view  we  must  assume  the  existence  of  a pulse 
wave  in  the  retinal  arteries,  but  not  necessarily  one  in  which  force 
and  amplitude  of  the  wave  are  great  enough  in  relation  to  the  rigidity 
of  the  vessel  wall  to  produce  a visible  movement. 

Two  factors  lie  at  the  back  of  all  these  forms  of  the  retinal  arterial 
pulse:  (1)  the  blood  pressure  in  the  retinal  arteries,  and  (2)  the 
intraocular  pressure.  While  the  ratio  between  the  intraocular  pres- 
sure and  the  mean  blood  pressure  in  the  retinal  arteries  is  fairly 
constant  under  physiologic  conditions,  the  pulse  pressure  is  not  al- 
ways constant.  Pathologically,  also,  the  pulse  pressure  may  be  great- 
ly increased,  while  the  mean  blood  pressure  and  intraocular  pressure 
remain  normal,  as  in  aortic  regurgitation,  or  the  intraocular  pres- 
sure may  be  greatly  increased,  while  the  blood  pressure  is  normal,  as 
in  glaucoma. 

The  locomotor  pulse  consists  of  an  expansion  of  the  artery  in 
the  long  axis,  an  elongation  of  the  artery.  If  this  occurs  in  a curved 
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portion  of  an  artery,  the  result  is  a displacement  of  the  summit  of 
the  curve  in  tlie  direction  of  the  convexity,  a movement  much  more 
readil}"  seen  than  expansion  and  contraetion  in  the  caliber  of  the  ves- 
sel. Raehlmann  holds  that  the  locomotor  pulse  is  more  dependent 
on  rhythmic  acceleration  of  the  blood  stream.  Both  factors  are  prob- 
ably effective,  as  the  same  conditions  of  the  circulation  are  favorable 
to  both,  the  pulse  pressure  varying  directly  with  the  acceleration  of 
blood  flow  produced  by  each  pulse  wave.  The  tendency  of  sudden 
acceleration  of  the  blood  stream  is  to  straighten  out  the  vessel,  while 
in  the  more  commonly  observed  form  of  locomotor  pulse,  there  occurs 
an  exaggeration  of  the  curves,  which  can  only  be  due  to  the  elonga- 
tion of  the  vessel  which  results  from  the  systolic  rise  of  blood  pressure. 

In  view  of  the  uncertain  results  of  pressure  experiments  in  the 
human  eye,  and  the  absence  of  clinical  evidences  of  variation  of  the 
locomotor  pulse  in  cases  with  marked  variations  of  the  intraocular 
tension,  it  must  be  admitted  that  there  is  no  obvious  relationship  be- 
tw'een  the  locomotor  pulse  and  the  pathologic  changes  in  intraocular 
pressure.  The  locomotor  pulse  as  a pathologic  phenomenon  appears 
to  depend  almost  wholly  on  an  abnormality  of  the  form  of  the  pulse 
wave  which  enters  the  retinal  artery. 

The  expansile  pulse  is  an  expression  of  systolic  and  diastolic  rise 
and  flow  of  blood  pressure  in  the  retinal  arteries.  As  regards  the 
influence  of  the  intraocular  pressure  as  expansile  pulse,  even  normally 
it  tends  to  favor  the  appearance  of  the  pulse:  (1)  by  impeding  the 
outflow  of  blood  from  the  veins,  (2)  by  the  support  it  gives  to  the 
walls  of  the  arteries  themselves.  The  intraocular  pressure  is  a 
necessary  factor  in  the  occurrence  of  the  expansile  pulse,  even  when 
it  is  normal.  The  elevation  of  the  intraocular  pressure  is  capable  of 
producing  expansile  pulse  in  the  retinal  arteries  of  healthy  eyes, 
but  it  is  equally  true  that  the  expansile  pulse  is  as  commonly  ob- 
served, and  in  the  most  striking  form  occurs  in  cases  where  the  ocular 
tension  bears  a normal  relation  to  mean  blood  pressure,  in  which 
there  is  an  abnormally  large  interval  between  systolic  and  diastolic 
blood  pre.ssure.  This  is  the  outstanding  factor  in  the  mechanism 
of  the  expansile  pulse  in  the  retinal  arteries.  Therefore,  in  explain- 
ing the  expansile  pulse,  the  relation  between  three  things  must  be 
considered,  namely,  intraocular  pressure  and  systolic  and  diastolic 
pres.sure  of  the  retinal  arteries.  It  may  be  assumed,  however,  that 
within  certain  limits  intraoeulai*  pressure  varies  along  with  the  mean 
blood  pressure,  and  will  have  a fairly  constant  I’elation  to  the  pres- 
sure in  the  retinal  arteries  and  veins,  and  intraocular  pressure  must 
be  lower  than  dia.stolic  pre.ssure  with  the  finger  to  cause  intermittent 
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ciiiptyiiig  of  the  ends  of  the  arteries,  and  it  must  be  only  a little 
lower  than  blood  pressin-e  in  the  retinal  veins,  since  very  slight  pres- 
sure with  the  finger  is  required  to  empty  the  vein  ends.  A certain 
increase  of  intraocular  pressure  by  the  finger  will  in  favorable  cases 
produce  expansile  pulsation  of  the  ji’etinal  arteries,  Avhile  a still 
greater  pressure  will  produce  the  collapsing  pulse,  which  coi-responds 
to  the  point  of  maximum  oscillation  of  the  vessel  wall,  indicating  that 
intraocular  pressure  is  then  equal  to  the  diastolic  pressure  in  the 
retinal  arteries.  In  any  normal  individual  the  intraocular  pressure 
is  so  much  below  diastolic  pressure  of  the  artery  that  the  oscillation 
of  the  Avail  is  slight  and  invisible.  When  any  change  occurs  by 
which  the  intraocular  pressure  is  approximated  to  the  diastolic  pre.s- 
sure  in  the  artery,  the  relation  of  extra-  and  endovascular  pressure 
will  be  such  as  to  cause  a distinct  oscillation  of  the  arterial  wall. 
This  state  of  affairs  may  be  brought  about  in  the  eye,  either  (1)  by 
raising  intraocular  pressure  to  meet  the  diastolic  eiidovascular  pres- 
sure, or  (2)  by  bringing  down  the  diastolic  pressure  to  meet  the  intra- 
ocular pressure.  The  first  case  represents  the  state  of  affairs  in 
glaucoma,  in  which  the  intraocular  pressure  rises  independently  of 
retinal  blood  pressure  until  it  may  readily  reach  a point  near  to  the 
diastolic  pressure  in  the  artery.  It  is  also  the  condition  produced 
temporarily  by  pi-essure  with  the  finger  just  short  of  that  needed  to 
produce  the  collapsing  pulse.  It  can  be  readily  understood  that  in 
either  of  these  cases  if  the  pulse  pressure”  in  the  central  artery  is 
small,  even  such  an  approximation  of  the  pressures  may  be  un- 
able to  elicit  a visible  expansile  pulse.  This  will  explain  why  the 
expansile  pulse  is  seldom  seen  in  glaucoma,  and  not  easy  to  observe 
in  the  finger  pressure  experiment.  Since  intraocular  pressure  bears 
a fairly  constant  ratio  to  the  mean  arterial  pressure,  then  if  the 
former  remains  normal  the  approximation  of  intraocular  pressure 
and  diastolic  pressure  in  the  artery  Avill  necessitate  an  increase  of 
pulse  pressure,  that  is,  an  increase  of  the  interval  between  systolic 
and  diastolic  pressure  in  the  artery.  It  will  be  observed  that  this  is 
Avhat  occurs  in  cases  Avhere  the  expansile  pulse  is  most  typically  seen, 
namely,  in  eases  of  aortic  regurgitation  in  Avhich  a pulse  wave  is 
found  even  in  the  finest  divisions  of  the  arteries.  The  two  condi- 
tions Aihich  must  be  fulfilled  for  the  production  of  the  expansile 
pulse  are  (a)  extravascular  pressure  nearly  equal  to  diastolic  endo- 
vascular pressure,  and  (b)  a high  range  of  pressure  inside  the  artery. 

Certain  factsi  tend  to  show  that  the  intraocular  pressure  plays  a 
role  in  the  causation  of  the  expansile  and  collapsing  forms  of  the 
retinal  pulse  as  Avell  as  in  the  pressure  pulse,  and  the  different  forms 
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of  the  pulse  are  more  closely  related  to  one  another  than  is  generally 
supposed.  By  varying  degrees  of  finger  pressure  an  expansile  pulse 
passing  into  a typical  collapsing  pulse  has  been  produced.  In  a case 
of  glaucoma  also  a phenomena  linking  together  these  two  forms  of 
pulse  has  been  observed.  Expansile  pulse,  present  both  on  the  disc 
and  beyond  it,  was  readily  converted  to  typical  collapsing  pulse, 
within  the  area  of  the  disc,  and  increased  in  distinctness  beyond 
the  disc  margin,  by  slight  pressure  on  the  eye  with  the  finger.  In 
cases  of  aortic  regurgitation  the  same  phenomena  may  be  elicited. 
In  one  case  pressure  pulse  was  found  without  artificial  pressure. 
Locomotor  pulse,  observed  in  an  extremely  anemic  girl,  was  suddenly 
converted  into  collapsing  pulse  when  a fainting  fit  occurred,  the  fall 
of  blood  pressure  being  so  sudden  that  it  was  not  at  once  accompanied 
by  a fall  in  intraocular  pressure. 

These  observations  are  sufficient  to  show  that  while  in  the  major- 
ity of  cases  of  the  pressure  pulse  high  intraocular  pressure  is  the 
preponderating  factor,  and  in  the  typical  expansile  pulse  the  form  of 
the  pulse  wave  is  of  greatest  importance,  still  the  two  forms  of  the 
pulse  are  not  entirely  separate  phenomena,  but  have  this  in  common : 
that  the  intraocular  pressure  plays  a part  in  their  production,  and 
that  in  both  of  them  the  intraocular  pressure  is  equal,  or  nearly 
equal,  to  diastolic  blood  pressure  in  the  retinal  arteries. 

The  mechanism  of  the  capillary  pulse  resembles  closely  the  well 
knoMui  capillary  pulse  seen  under  the  finger  nail  in  cases  of  aortic 
regurgitation,  except  that  on  the  disc  it  is  usually  a spontaneous 
phenomenon.  It  is  probable  that  under  physiologic  conditions  the 
circulation  in  the  capillaries  of  the  retina  and  disc  is  pulsatory  as 
regards  pressure  and  velocity,  but  without  causing  expansion  and 
contraction  of  caliber.  But  if  the  pulse  wave  is  modified  as  we  have 
it  in  aortic  regurgitation,  the  conditions  are  at  once  established  foi 
the  conversion  of  this  into  an  actual  expansion  and  contraction  of  the 
capillaries,  showing  itself  as  the  visible  capillary  pulse. 

The  capillary  pulse  and  the  three  forms  of  arterial  pulse  are 
related  to  each  other  through  their  dependence  on  a common 
mechanism  which  comprises  two  factors,  viz.,  the  intraoculai 
pressure,  and  the  blood  pressure  within  the  retinal  arteiies.  In 
the  case  of  the  locomotor  pulse  the  influence  of  the  first  is  at  a 
minimum,  while  in  the  best  marked  examples  tbe  second  is  patho- 
logic, in  the  sense  that  the  range  between  systolic  and  diastolic 
pressure  is  abnormally  great.  In  the  case  of  tbe  expansile  pulse 
intraocvdar  pressure  may  be  abnormal,  as  in  glaucoma  and  the  finger 
pressure  experiments,  but  to  a far  greater  extent  this  pulse  also 
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depends  on  the  oscillation  of  the  blood  pressure,  e.  g.,  as  in  aortic 
regurgitation.  In  the  case  of  a collapsing  pulse  intraocular  pressure 
may  be  pathologic,  with  blood  pressure  normal  (glaucoma  and  pressure 
experiments)  ; or  with  abnormal  intraocular  pressure,  endovascu- 
lar pressure  may  be  abnormal  (syncope  and  cardiac  disease  with 
dropped  beats),  or  both  factors  may  be  pathologic  (experimental 
pressure  in  aortic  cases).  The  most  typical  of  these  possibilitie.s 
is,  of  course,  glaucoma.  The  conditions  associated  with  the  capillary 
pulse  resemble  most  closely  those  of  the  expansile  pulse,  but  the 
capillary  pulse  may  sometimes  be  produced  experimentally  by  appli- 
cation of  pressure  in  ea.ses  of  aortic  regurgitation  or  even  in  normal 
eyes. 

With  a view  to  arrive  at  a conclusion  as  to  the  diagnostic  and 
prognostic  significance  of  the  arterial  pulse,  notes  were  kept  on  (1) 
319  patients  in  the  medical  wards  of  a general  hospital,  and  (2)  100 
unselected  refraction  cases,  presumably  healthy  subjects.  Among  the 
latter  locomotor  pulse  alone  was  found  in  33  per  cent.,  the  expansile 
pulse,  along  with  the  locomotor,  in  3 per  cent.,  the  pressure  pulse  and 
capillary  pulse  not  at  all;  an  ai-terial  pulse  of  some  kind  in  36  per 
cent. 

Analysis  of  the  medical  cases  in  group  1 gives  the  following  re- 
sults: (a)  The  locomotor  pulse  alone  was  present  in  75  = 23.5 
per  cent,  (b)  The  expansile  pulse  alone  was  present  in  32  = 10.03  per 
cent,  (c)  The  capillary  pulse  alone  was  present  in  13  = 4.07  per  cent, 
(d)  The  pressure  pulse  alone  was  present  in  1 = 0.03  per  cent. 

From  these  figures  and  the  writer’s  general  experience  the  con- 
clusion is  reached  that  a slight  displacement  pulse  is  seen,  if  care- 
fully looked  for,  in  more  than  a third  of  healthy  individuals,  that 
some  diseases  have  the  effect  of  suppressing  the  pulse  or  rendering 
it  less  distinct,  while  others  render  it  abnormally  distinct  and  in  many 
cases  even  produce  in  addition  the  expansile  pulse  and  capillaiy 
pulse. 

An  effort  was  made  to  determine  the  diseases  that  favor  the  occur- 
rence of  the  pathologic  pulse  and  the  circulatory  conditions  in  virtue 
of  which  they  do  so. 

(a)  The  locomotor  pulse — It  occurs  that  two  pathologic  conditions, 
viz.,  anemia  and  aortic  regurgitation,  are  peculiarly  liable  to  be  ac- 
companied by  a pronounced  and  probably  pathologic  locomotor  pulse. 

Anemia  is  of  secondary  importance,  since  the  more  fully  devel- 
oped phenomena  of  the  expansile  pulse,  pressure,  and  capillary  pulses, 
are  to  a much  greater  extent  conditioned  By  the  presence  of  the  aortic 
regurgitation. 
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The  condition  present  in  a typical  aortic  regurgitation  explains 
why  it  is  the  condition  par  excellence  in  which  arterial  pulse  is  found 
in  the  retina.  The  incompetence  of  the  valve  allows  more  or  less  of 
the  blood  expelled  at  systole  to  regurgitate  into  the  ventricle  during 
diastole,  hypertrophy  and  dilatation  of  the  left  ventricle  occur,  and 
hence  at  each  systole  an  abnormally  large  volume  of  blood  is  forcibly 
thrown  out  into  the  aorta,  while  at  diastole  the  volume  of  blood  in 
the  aorta  abruptly  falls  through  failure  of  the  valves  to  .prevent  its 
return.  This  results  in  the  transmission  into  the  arteries  of  a pulse 
wave  which  is  of  large  amplitude,  abrupt  in  its  rise  and  fall  and  of 
short  duration.  The  great  variations  of  pressure  to  which  the  arteries 
are  subjected  by  these  abnormal  conditions  make  is  impossible  for 
them  to  maintain  their  normal  tonicity,  they  become  more  lax,  and 
this  not  only  renders  more  manifest  the  abnormal  character  of  the 
pulse  wave,  but  allow's  it  to  be  propagated  to  a greater  distance  than 
under  normal  conditions,  even  to  the  capillaries. 

Cases  which  show  distinct  expansile  or  capillary  pulse  in  the 
retina,  not  suffering  from  aortic  incompetence,  do  so  only  in  so  far 
as  they  present  circulatory  conditions  resembling  those  described 
above.  See,  also,  Heart  disease. 

Arterial  pulse  in  the  retina  seems  to  be  more  pronounced  in  exoph- 
thalmic goiter  than  in  healthy  individuals. 

No  reliable  statement  can  be  made  as  to  the  frequency  in  the 
various  forms  of  glaucoma.  The  phenomenon  has  been  described 
most  frequently  in  cases  of  subacute  or  non-infiammatory  types. 
The  characteristic  pulse  in  these  cases  is,  of  course,  “pressure”  pulse, 
but  this  is  not  by  any  means  always  present. 

Summary. — 1.  The  locomotor  pulse  in  its  slighter  form  may  be 
considered  physiologic  or  at  least  not  pathologic.  Excitement  is 
probably  responsible  for  its  temporary  appearance  in  some  cases. 
The  only  forms  of  illness  which  appear  to  favor  the  occurrence  of  a 
locomotor  pulse,  apart  from  the  pronounced  degrees  of  it  associated 
with  the  expansile  pulse,  are  anemia  and  perhaps  certain  forms  of 
debilitating  disease,  such  as  diarrhea  and  malignant  disease ; and  the 
latter  probably  act  in  the  same  way  as  anemia,  namely,  through  loss 
of  vascular  tone.  Tn  its  most  pronounced  form  the  locomotor  pulse 
has  the  same  significance  as  the  expansile  pulse. 

2.  The  expansile  pulse  has  also  been  observed  in  healthy  persons, 
but  not  nearly  so  frequently  as  the  locomotor  pulse.  In  the  great 
majority  of  cases  it  is  associated  with  incompetence  of  the  aortic  valves, 
and  apart  from  this  it  seems  to  occur  only  when  the  circulatory  con- 
ditions characteristic  of  aortic  incompetence  are  more  or  less  in  evi- 
dence. 

voi.  xrv— 0 
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When  a well  marked  expansile  pulse  is  present  it  is  practically  al- 
ways accompanied  by  an  equally  well  marked  locomotor  pulse. 

3.  About  one-half  of  the  cases  which  showed  the  expansile  pulse  had 
at  the  same  time  a capillary  pulse  on  the  disc,  and,  as  the  latter  is 
rarely  seen  apart  from  aortic  regurgitation,  its  significance  is  similar 
to  that  of  the  expansile  pulse. 

Pulver.  (G.)  Powder. 

Pulverkbmer.  (G.)  Powder  grains. 

Pulvinar.  The  posterior  eminence,  or  tubercle,  of  the  optic  thalamus. 

Pumice  stone.  Called  by  the  Greeks  “Cisseris,”  and  by  the  Romans 
“Pumex.”  It  was  burnt  and  reduced  to  a powder,  then  employed, 
by  the  ancient  Greeks  and  Romans,  for  ulcers  of  the  cornea.  It  was 
thought  to  hasten  cicatrization.^ (T.  H.  S.) 

Pumpkin.  In  ancient  Greco-Roman  times,  a pumpkin  poultice  was 
often  employed  as  a remedy  in  various  diseases  of  the  eye.  It  still 
enjoys  a certain  reputation  for  these  affections  in  the  rural  districts 
of  the  United  States. — (T.  H.  S.) 

Puncta  lachr3nnalia.  See  p.  351,  Vol.  I of  this  Eiicyclopedia. 

Puncta  lacrimalia.  Anomalies  and  diseases  of.  See  p.  6919,  Vol.  IX 
of  this  Encyclopedia. 

Punctate  cataract.  See  p.  1573,  Vol.  Ill  of  this  Encyclopedia. 

Punctiform  depiction.  Freedom  from  astigmatic  distortion  or  aber- 
ration in  all  parts  or  points  of  the  field  of  regard.  See  Isokrystar 
lenses. 

Punctograph.  An  instrument  for  the  radiographic  localization  of  for- 
eign bodies  in  the  tissues. 

Punctum  caecum.  The  blind  spot.  See  p.  1205,  Vol.  II  of  this 
Encyclopedia. 

Punctumeter.  A (patented)  instrument  devised  for  measuring  ac- 
commodation and  refraction.  See  Examination  of  the  eye. 

The  “improved”  punctumeter  is  a patented  device  that  enables 
an  operator  to  obtain  more  or  less  accurate  results.  See  the  cut. 

With  the  rotable  target  holder  and  targets  it  is  possible  to  meas- 
ure the  range  or  amplitude  of  accommodation  quickly;  the  amount 
of  this  power,  to  i/4  of  a diopter,  being  read  from  the  scales  on  the 
instrument. 

The  targets  for  measuring  astigmatic  errors  consist  of  parallel 
hair  lines  which  may  be  made  to  lie  in  the  principal  meridians  of  the 
eye.  These  lines  being  at  right  angles  to  each  other  and  made  to  ro- 
tate, may  be  used  only  in  the  meridians  of  greatest  and  least  refrac- 
tion. With  such  lines  occupying  such  positions  it  is  possible  to  obtain 
both  the  remote  and  the  proximal  points. 
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The  principal  meridians  are  readilj'-  found  with  the  new  astigmatic 
chart,  and  when  they  are  located  the  eyes  are  easily  and  quickly  meas- 
ured. Myopia,  hyperopia,  presbyopia,  astigmatism  and  accomimoda- 
tions  may  all  be  measured  with  this  instrument.  Latent  hyperopia 


The  ‘ ‘ Improved  ’ ’ Punetumeter. 


or  spasm  of  accommodation  may  also  be  detected  and  the  amount  esti- 
mated. 

The  targets  and  holder  may  be  used  on  any  instrument. 

Punctum  luteum.  Macula  lutea.  The  central  yellow  spot  of  the 
retina.  See  p.  7572,  Vol.  X,  of  this  Encyclopedia. 

Punctum,  Misplaced.  See  Congenital  anomalies.  A case  in  which  the 
lower  punctum  was  located  on  the  upper  surface  of  the  lid  about  1 mm. 
from  the  lid  edge  and  leading  directly  into  the  canaliculus  is  reported 
by  Clark  W.  Hawley  {Prac.  Med.  Series;  Eye,  p.  81,  1912).  The  lid 
was  otherwise  normal  and  the  condition  was  the  same  on  both  eyes. 
The  epiphora,  resulting  from  the  misplaced  punctum  was  relieved  by 
an  incision  from  the  punctum  on  to  the  inner  surface  of  the  lid  and 
toward  the  inner  eanthus. 

Punctum  proximum.  The  near  point.  The  nearest  position  to  the  eye 
at  which  a fine  object  can  be  seen  sharply  and  without  blurring.  See 
p.  8290,  Vol.  XI,  and  p.  329,  Vol.  I,  of  this  Encyclopedia. 

Punctum  remotum.  See  Far  point,  p.  5164,  Vol.  VTI  of  this  Ency- 
clopedia. 

Puncture,  Brain.  The  value  of  this  procedure  for  the  relief  of  the 
intracranial  pressure  from  brain  tumor,  meningitic  deposits,  cysts,  etc., 
is  often  very  great.  Our  knowledge  of  the  technic  and  clinical  value 
of  brain  puncture  dates  from  the  publication  of  the  thorough  experi- 
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mental  and  clinical  study  of  Neisser  and  Pollock  {Mitth.  a.  d.  Greiizg. 
d.  Med.  u.  Chir.,  Vol.  13,  p.  807,  1904),  yet  Middledorpf  {Giinz- 
burff’s  Ztschr.  f.  Klin.  Med.,  Breslau,  1856,  Vol.  7),  in  1856,  had  sug- 
gested the  procedure  on  the  basis  of  experimental  evidence.  Maas  not 
long  afterwards  insisted  on  its  use  as  a preliminary  step  in  the  oper- 
ative treatment  of  brain  abscess. 

In  this  country  Souchon  {New  Orleans  Med.  and  Surg.  Jour.,  1889), 
in  1889,  developed  a technic  from  animal  experiments.  Schmidt 
(Arch.  f.  Klin.  Chir.,  Vol.  45,  1893,  p.  586),  four  years  later,  pointed 
out  the  surgical  possibilities  of  the  procedure,  particularly  in  con- 
nection with  the  treatment  of  abscesses  of  otogenic  origin. 

Payr  {Centrlhl.  f.  Chir.,  1896,  No.  31,  Vol.  22,  p.  737)  a little  later 
extended  the  technic  to  include  the  harpooning  of  brain  specimens  for 
histological  examination,  a procedure  which  has  found  little  favor  else- 
where, and  justly  so,  on  account  of  the  very  considerable  dangers  and 
relatively  small  benefits  connected  with  it. 

The  Kocher  {Centrlhl.  f.  Chir.,  1899,  No.  22,  p.  643)  clinic,  in 
1899,  already  had  a well-developed  technic,  which  was  published  by 
Albert  Kocher,  and  does  not  differ  particularly  from  that  at  present 
in  use. 

One  year  before  Neisser  and  Pollock  published  their  work,  Nicholas 
Senn  published  a case  of  internal  hydrocephalus,  which  he  had  treated 
by  connecting  the  subcutaneous  tissue  of  the  scalp  with  the  ventricle 
by  means  of  a thin  rubber  drain,  using  at  the  same  time  elastic  com- 
pression of  the  skull.  This  method  of  ventricle  drainage  was  first 
used  by  G.  A.  Sutherland  and  Watson  Cheyne  (who  used  folded 
lengths  of  cat^it  instead  of  rubber),  and  later,  though  published 
earlier,  by  Henle,  who  used  a gold  tube. 

Since  the  appearance  of  the  paper  of  Neisser  and  Pollock,  the 
method  has  been  tried  extensively  and  has  come  to  occupy  a perma- 
nent if  rather  limited  field  of  surgical  usefulness. 

B.  Pfeifer  has  reported  the  experience  of  Wernicke’s  clinic  at  Halle, 
and  F.  Krause  has  reported  his  experience  on  a still  larger  material. 

For  diagnostic  purposes  brain  puncture  is  at  present  done  chiefly 
after  the  dura  has  been  exposed  by  cranial  resection,  so  that  possible 
hemorrhage  may  be  controlled  and  purulent  fluid  be  walled  off  from 
the  meningeal  spaces.  It  is  generally  employed : (1)  to  locate  subdural 
and  epidural  hematomata;  (2)  to  locate  collections  of  pus;  (3)  to 
locate  cysts  of  various  origins;  (4)  to  locate  and  determine  the  char- 
acter of  brain  tumors— a dangerous  and  not  very  reliable  procedure, 
but  still  used  by  F.  Krause. 

For  purposes  of  treatment  it  is  used  for  (1)  temporary  and  per- 
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maiient  drainage  of  the  ventricles  in  internal  hydrocephalus,  acute 
and  chronic,  whatever  the  origin;  (2)  evacuation  of  pus  and  blood; 
(3)  evacuation  of  fluid  from  meningeal  spaces  and  lateral  ventricles 
to  diminish  pressure  before  decompression  or  exploratory  operations. 

Dangers  of  hram  pimcture.  1.  The  chief  danger  is  from  h&mm-- 
rhage,  which  is  naturally  very  much  less  when  the  puncture  is  done 
in  connection  with  a resection  of  the  cranium,  so  that  large  veins  can 
be  avoided  and  any  bleeding  promptly  seen  and  checked. 

In  the  use  of  the  puncture  through  a small  trephine  opening  by 
the  method  of  Neisser  and  Pollock,  the  chief  danger  is  from  injury 
to  the  pial  veins  by  the  point  of  the  exploratory  needle.  Though  nor- 
mally small,  in  diseased  conditions  they  are  often  greatly  dilated  and 
the  walls  are  at  all  times  very  fragile  and  delicate.  The  dural  veins 
are  injured  less  easily,  but  may  give  rise  to  very  severe  hemorrhage 
at  times.  The  branches  of  the  middle  meningeal  artery  may  be  injured 
during  the  trephining,  but  they  are  more  easily  seen  and  the  hemor- 
rhage controlled  by  ligation. 

Vascular  tumors  on  the  surface  and  in  the  tissue  of  the  brain  are 
still  more  dangerous  to  puncture;  e.  g.,  angiomata,  angiosarcomata, 
etc.,  may  exist,  which  may  easily  give  rise  to  fatal  and  unrecognized 
hemorrhage. 

2.  Septic  infectian  is  rarely  likely  to  be  carried  in  from  without, 
but  may  easily  infect  the  meninges  from  a punctured  abscess  if  the 
Neisser  and  Pollock  puncture  is  done  without  walling  off  the  meningeal 
space. 

3.  Tuntior  infectimi  may  easily  be  carried  .into  the  healthy  parts 
of  the  brain  by  the  exploring  needle  when  the  tumor  lies  superficially 
and  the  needle,  as  often  happens,  is  inserted  through  and  beyond  it. 

4.  Focal  symptoms  from  destruction  of  nerve  centers  are  avoided 
by  not  putting  in  the  needle  too  deeply  (four  inches  is  the  limit  in  any 
direction,  and  five  to  six  centimeters  is  usually  far  enough). 

Pons,  medulla  and  basal  ganglia  lie  so  deeply  that  there  is  rarely 
danger  of  striking  them.  Puncture  in  the  motor  area  may  have  dis- 
agreeable after-effects,  as  in  a case  of  P.  Krause’s,  which  was  followed 
by  temporary  arm  paralysis  and  severe  general  prostration  and  shock. 

5.  Sudden  collapse  from  diminution  of  intravenous  pressure  may 
occur  with  the  larger  collections  of  blood  and  pus,  but  is  especially 
apt  to  occur  in  the  evacuation  of  an  internal  hydrocephalus.  If  this 
happens  the  head  is  lowered  and  the  veins  filled  with  salt  solution  and 
adrenalin.  The  best  means  of  preventing  this  complication  is  to  slowly 
evacuate  the  fluid. 

6.  Acute  and  fatal  edema  of  the  brain  associated  with  great  in- 
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crease  of  intracranial  pressure  occasionally  follows  puncture  of  the 
ventricles.  Repeated  emptying  of  the  lateral  ventricles  and  stimula- 
tion restored  the  patient. 

Technic  and  location  of  brain  punctures.  There  are  a few  obvious 
rules  to  be  observed  which  make  the  location  of  the  puncture  a rel- 
tively  simple  performance.  1.  Avoid  blood  vessels,  (a)  Punctures 
are  not  made  near  the  mid-line  nor  near  any  of  the  venous  sinuses, 
for  fear  of  wounding  the  larger  blood  vessels  as  well  as  the  sinuses 
themselves,  (i  e.,  transverse  sinus,  longitudinal  sinus,  sigmoid  sinus, 
occipital  sinus,  etc.),  (b)  Also  avoid  the  neighborhood  of  the  larger 
blood  vessels,  particularly  the  middle  meningeal  artery,  (c)  In  gen- 
eral, avoid  puncturing  through  a small  opening  because  of  the  diffi- 
culty of  seeing  what  one  is  puncturing  and  of  recognizing  hemorrhage 
promptly,  when  it  occurs,  (d)  Do  not  puncture  through  a sulcus, 
but  through  the  conve^^ity  of  a convolution,  because  in  the  sulci  run 
the  vessels. 

2.  Explore  for  pus  through  the  lowest  possible  openings,  thus 
securing  the  best  possible  drainage,  if  pus  be  reached. 

3.  Tap  hematomata  from  the  point  of  visible  injury  (unless  there 
are  other  focal  symptoms  and  the  visible  injury  is  slight). 

For  the  technic  of  simple  puncture,  see  Brain  puncture. — (A. 
E.  II.) 

Puncture,  Callosal.  Balkensticii.  See,  also,  Puncture,  Brain;  as 
well  as  p.  3793,  Vol.  V of  this  Encyclopedia. 

Trephining  and  draining  of  the  lateral  ventricle. 

This  form  oE  cerebral  decompression  (and  five  eases  recorded)  is 
described  by  Kaelin-Benziger  {Ophthalmic  Year-Book,  p.  262,  1913). 

The  results  of  callosal  puncture  in  hydrocephalus  and  other  intra- 
cranial pressure  conditions  was  compared  with  the  results  of  palliative 
trepanation  (figures  of  von  Ilippel)  by  Muskens,  who  greatly  favors 
the  former  measure.  He  thought  it  rather  peculiar  that  the  con- 
demnation by  the  neurologists  of  lumbar  puncture  as  a dangerous 
proceeding  had  not  affected  the  ophthalmological  mode  of  procedure. 
However,  callosum  puncture  was  sure  to  cause  a retrogression  of  a 
choked  disk  and  he  voiced  the  belief  that  any  choked  disk  of  three  or 
more  diopters  that  existed  for  more  than  two  weeks  without  involve- 
ment of  vision,  should  undergo  a callosum  puncture.  If  the  condition 
is  one  of  cerebral  edema,  either  acute  or  subacute,  which  may  last  for 
a long  time,  the  operation  is  more  than  ever  indicated.  The  writer 
regards  a bilateral  choked  disk,  occurring  with  tumor  of  the  brain, 
as  a distinct  indication  for  this  decompressive  operation,  even  if  the 
visual  function  of  one  or  both  eyes  be  still  normal.  The  longer  the 


PUNCTURE  POINTS,  CRANIAL 


10543 


pressure  on  the  nerve  has  continued,  the  poorer  are  the  prospects 
for  retention  of  vision  or  for  improvement  after  operation.  Since 
solid  tumors  are  often  complicated  by  hydrops  of  the  ventricle,  tre- 
phining must  often  be  followed  up  by  temporary  extracranial  drain- 
age. In  the  author’s  cases  the  cerebral  symptoms  and  the  choked  disk 
disappeared  in  from  twenty-four  hours  to  two  weeks  after  the  opera- 

tion.  . 

Hessberg  also  reports  five  cases  of  hydrocephalus  and  two  of  bram 

tumor  for  which  puncture  of  the  corpus  callosum  was  done.  He 
concludes  that  the  operation  is  a comparatively  simple  one  for  the 
relief  of  intracranial  pressure.  The  decided  lowering  of  tension 
showed  itself  objectively  by  decrease  of  exophthalmos,  improvement 
in  the  visual  field,  and  regression  of  the  nerve  swelling;  and  sub- 
jectively by  disappearance  of  headache  and  improvement  in  the  gen- 
eral condition. 

Puncture  points,  Cranial.  See  p.  1270,  Vol.  II  of  this  Encyclopedia. 
Puncture,  Spinal.  See,  also.  Lumbar  puncture,  p.  7545,  Vol.  X of  this 

Encyclopedia.  ^ a 

Although  the  chemical  and  physical  characters  of  the  spinal  fiuid 

in  health  and  disease,  its  origin  and  movements,  have  been  studied 
in  animals  and  man  since  Cotungo’s  time  (1769),  it  is  only  of  recent 
years  (Quincke,  1891)  that  we  have  been  able  to  use  it  for  diagnosis 

and  therapy. 

The  chief  indication  for  the  performance  of  lumbar  puncture  occur- 
ring in  connection  with  eye  symptoms  is  meningitis  in  its  various 
forms.  Here  the  puncture  is  an  invaluable  diagnostic  aid  and  like- 
wise an  important  aid  to  therapy.  All  other  indications  are  very 
infrequent  when  compared  with  meningitis,  the  presence  of  which 
can  be  diagnosed  and  its  varieties  differentiated  by  examination  of  the 

spinal  fluid  obtained.  , 

Drainage  of  pus  and  irrigation  to  a slight  extent  may  be  practised 
by  means  of  the  puncture,  but  much  more  important,  from  a thera- 
peutic standpoint,  is  the  injection  of  the  Flexner  serum  into  the  sub- 
arachnoid space  in  cases  of  epidemic  meningitis. 

Intrameningeal  hemorrhage  may  also  be  diagnosed  by  the  punc- 
ture, but  always  has  an  element  of  doubt,  inasmuch  as  a vessel  wounded 
by  the  needle  may  lead  to  a similar  finding,  although  in  the  latter 
instance  the  blood,  as  a rule,  is  redder  than  in  the  former,  and  less 
diffusely  distributed  through  the  fluid,  being  usually  more  marked 

in  the  first  few  drops  than  in  the  last. 

Increa.sed  intracranial  pressure,  whether  due  to  tumor  cerebri, 
hydrocephalus,  hemorrhage  or  meningitis,  may  often  be  diagnosed  by 
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the  increased  pressure  of  the  spinal  fluid,  which,  normally  flowing  60 
m.  per  minute  from  the  needle,  may  fairly  spurt  out  when  pressure  is 
high.  Ihe  normal  pressure  is  5 to  7^  mm,  of  mercury,  or  60  to  100 
mm.  of  water,  which  may  be  increased  under  pathological  conditions  to 
15  to  60  mm.  of  mercury,  or  200  to  800  mm.  of  water. 

In  the  last  few  years  the  eytological,  chemical  and  biochemical 
examinations  of  the  spinal  fluid,  as  obtained  by  spinal  puncture,  have 


assumed  great  importance  in  the  diagnosis  of  syphilis  and  the  parasy- 
philides. 

The  mononuclear  leucocytosis,  excessive  presence  of  globulin  and  the 
Wassermann  and  Noguchi  tests  have  made  the  differentiation  of  the 
parasyphilides  from  syphilis,  and  both  from  non-syphilitic  affections, 
much  more  accurate. 

Other  less  important  indications  are  derived  from  the  presence  in 
the  spinal  fluid  of  an  excess  of  urea  in  uremia,  and  the  presence  of 
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cholesterin  and  eholin  in  cases  of  various  degenerative  processes  of 
the  central  nervous  system. 

The  application  of  therapy  l)y  means  of  spinal  pnnetnre  is  always 
associated  with  danger  to  life.  The  evacuation  of  fluid,  whether  it  he 


Method  of  Puncture  for  Spinal  Drainage.  A,  Quincke’s  site;  B,  Marfan’s  site; 
C,  Chipault’s  site. 


normal,  purulent  or  hemorrhagic,  always  entails  some  risk  of  allowing 
the  medulla  to  sink  into  the  foramen  magnum  and  become  incarcerated 
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there,  to  the  detriment  of  its  vascular  supply.  The  central  canal  and 
subarachnoid  space  may  also  become  blocked,  thus  leading  to  an  acute 
hydrocephalus  or  pyocephalus,  as  the  case  may  be. 

To  avoid  this  danger  only  a small  amount  of  fluid,  usually  20  to 
40  C.C.,  should  be  evacuated  at  one  time,  and  the  patient  should  be 
placed  in  the  lateral,  and  not  in  the  sitting  position  during  the  pro- 
cedure. 

The  evacuation  of  the  pus  in  meningitis  by  spinal  puncture  is  not 
of  much  therapeutic  value.  Puncture  is  of  importance  here  chiefly 
because  it  enables  us  to  introduce  Plexner’s  autimeningococeic  serum 
directly  into  the  subarachnoid  space.  For  this  serum  injection  the 
needle  is  introduced  in  the  ordinary  way,  a few  drops  of  fluid  allowed 
to  escape,  and  then  the  serum  is  injected  through  the  needle — 20  to 
100  e.c.  The  procedure  may  be  repeated  every  day  until  convalescence 
begins.  The  unanimous  enthusiasm  of  clinicians  over  the  whole  world 
proves  the  great  value  of  this  procedure.  By  it  the  mortality  of  the 
scourge  has  been  reduced  from  75  to  25  per  cent,  wherever  it  has  been 
used.  It  is  a great  discovery  of  which  America  may  well  be  as  proud 
as  France  is  of  Behring’s  serum. 

The  treatment  of  increased  intracranial  tension  by  lumbar  punc- 
ture had  considerable  vogue  to  within  the  last  few  years.  Cushing 
{Jour.  A.  M.  A.,  Jan.  16,  1909,  p.  184)  has  laid  such  emphasis,  how- 
ever, on  the  danger  of  medullary  hernia  into  the  foramen  magnum 
in  such  eases,  and  there  have  been  so  many  such  cases  reported,  that 
it  would  seem  hardly  justifiable  at  the  present  writing  to  adopt  such 
a procedure  in  view  of  the  excellent  results  now  obtained  by  cranial 
procedures. 

Technic  of  spinal  puncture.  Quincke  recommended  that  the  punc- 
ture be  made  between  the  second  and  third,  or  third  and  fourth, 
vertebrffi.  The  writer  nearly  always  uses  the  latter  location  because 
of  the  readiness  with  which  it  is  found  1\y  drawing  a line  between  the 
crests  of  the  ilia.  This  line  passes  over  the  fourth  lum])ar  spinous 
process;  just  above  it  insert  the  needle. 

Many  clinicians  recommend  that  the  puncture  be  made  in  the 
mid-line,  but  the  writer  prefers,  however,  to  enter  the  needle  one-half 
to  one  centimeter  to  one  side  of  the  median  line,  as  originally  pro- 
posed by  Quincke,  in  order  to  avoid  going  through  the  tough  liga- 
mentum  interspinosurn. 

The  needle  can  also  be  inserted  between  the  fourth  and  fifth  verte- 
bra or  between  the  fifth  vertebrae  and  the  sacrum,  and  it  is  not 
improbable  that  in  an  occasional  instance  pathological  constituents  of 
the  spinal  fluid,  which  have  settled  to  the  lowermost  part  of  the  sub- 
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arachnoid  space,  may  be  found  here,  though  missed  on  puncture  at 
the  usual  location.  Such  an  occurrence,  however,  is  certainly  very 
rare  and  is  not  a practical  consideration. 


The  needle,  once  entered  in  the  skin  just  outside  the  mid-line,  is 
pushed  inwards,  slightly  upwards — in  adults,  horizontally  in  children. 
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and  medianwards.  The  dura  is  reached  at  a depth  of  four  to  six 
centimeters  in  adults,  or  of  two  centimeters  in  a two-year-old  child. 
If  the  tip  of  the  needle  engages  bone  at  the  first  attempt,  withdraw 

a little,  change  the  direction  and  try  again. 

The  position  of  the  patient  during  the  puncture  should  be  the 
lateral  recumbent,  with  the  spinal  column  flexed  to  a maximum,  in 
order  to  enlarge  the  posterior  intervertebral  aperture. 

The  recumbent  posture  is  preferred  because  there  is  less  danger 
of  cerebral  vascular  disturbances  or  hernia  of  the  medulla  into  the 
foramen  magnum  in  the  lying  position. 

When  the  spinal  fluid  runs  out  it  is  caught  in  a sterile  test  tube. 
The  rate  of  flow  and  incidentally  the  pressure  of  the  spinal  fluid  is 
determined  by  counting  the  drops  as  they  flow  from  the  end  of  the 
needle.  The  normal  rate  of  flow  is  about  sixty  drops  per  minute. 
l^Iore  than  this  number  means  increased  spinal  and  consequently  in- 
creased intracranial  tension.  Occasionally,  when  the  pressure  is  veiy 
high,  the  fluid  may  flow  in  a continuous  stream  instead  of  in  drops. 
A number  of  drops  less  than  sixty  per  minute  indicates  either  hypo- 
tension or  partial  plugging  of  the  needle. 

The  needle  should  be  withdrawn  as  soon  as  the  pressure  falls  to 
normal.  As  a rule,  it  is  safe  to  stop  somewhat  before  normal,  in  view 
of  the  ever-present  danger  of  hernia  of  the  medulla  into  the  foramen 

magnum. 

It  seems  hardly  necessary  to  state  that  the  needles  should  be  stern 
ized  by  boiling  in  one  per  cent,  sodium  carbonate  solution,  and  the 
skin  sterilized  by  some  one  of  the  accepted  methods.  Simple  disinfec- 
tion with  95  per  cent,  alcohol  or  painting  with  tincture  of  iodine, 
according  to  Grossich,  is  enough. 

An  anesthetic  of  any  sort  is  usually  not  necessary,  though  it  may 
be  desirable  at  times  to  anesthetize  the  skin  with  the  ethyl  chloride 

The  examination  of  the  spinal  fluid  is  more  appropriately  to  be 
discussed  in  one  of  the  standard  textbooks  on  laboratory  diagnosis.— 
(A.  E.  H.) 

Puniceous.  Of  a purplish-red  color. 

Punktal.  An  ophthalmic  lens  in  which  the  astigmatism  for  oblique 
pencils  of  ravs  has  been  corrected  over  the  entire  field  covered  by  a 
visual  angle  of  60°.  This  lens  is  the  result  of  scientific  investiga- 
tions by  Moritz  von  Rohr,  physicist  of  the  Carl  Zeiss  works,  Jena, 
who  based  his  calculations  upon  the  theory  that  a curve  bearing  a 
definite  relation  over  an  are  of  60°  to  the  center  of  lotation  of  the 
eye,  at  a given  distance  of  25  mm.,  and  corrected  foi  each  povi  er 
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independently,  would  eliminate  the  astigmatism  found  to  be  so  ob- 
jectionable in  the  older  forms  of  lenses.  Measurement  of  its  dioptral 
power  is  based  on  vertex-dioptries.  See  Vertex  refraction  under 
Lenses  and  prisms,  Ophthalmic,  p.  7340,  Vol.  X of  this  Enorjclopedia 
— (C.  F.  P.) 

Punktformiger  Staar.  (G.)  Punctate  cataract. 

Punti  della  glandola  lagrimale.  (It.)  Mouths  of  the  lachrymal  glands 

Punto  cieco  di  Mariotte.  (It.)  Blind  spot. 

Pupil.  The  hole  in  the  center  of  the  iris. 

The  pupil  appears  commonly  as  a black  spot  in  the  middle  of  the 
colored  part  of  the  eye,  this  appearance  being  due  to  the  darkness 
of  the  posterior  part  of  the  globe.  It  varies  in  size,  in  man,  accord- 
ing to  the  stimulation  of  light  and  the  power  of  accommodation.  It 
is  readily  influenced  by  certain  drugs,  by  certain  disease  conditions 
and  by  traumatism.  For  a complete  description  of  the  pupil  un- 
der many  varying  conditions,  see  Pupil  in  health  and  disease  very 
shortly  following  in  this  volume. 

Pupil,  Argyll  Robertson.  One  that  is  responsive  to  accommodative 
effort  but  not  to  light.  See  p.  567,  Vol.  I of  this  E ncAjclopedm,  also 
under  Pupil  in  health  and  disease  in  this  volume. 

Pupil,  Artificial.  See  p.  634,  Vol.  I,  as  well  as  p.  6578,  Vol.  IX  of  this 
Encyclopedia. 

PupHary.  Pupill.vry.  Pertaining  to  the  pupil  of  the  eye. 

Pupilantoscope.  This  little  instrument  was  devised  by  iMunch 
{Klin.  Monatsbl.  f.  A.n(jevheilli.,  June,  1912)  for  the  purpose  of  crit- 


Munch’s  Pupilantoscope. 

ically  examining  the  ever  varying  changes  in  one’s  own  pupil  and 
iris,  under  the  influences  of  light  and  accommodative  effort.  It  is  pro- 
vided with  a magnifying,  convex  lens  (mounted  on  a handle)  set  in 
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front  of  a concave  mirror.  The  examination  of  the  movements  in  and 
of  the  sphincter  pnpillae,  as  well  as  of  other  portions  of  the  iris  is  car- 
ried on  in  a dark  room  under  a weak,  lateral,  focal  illumination. 

Pupil,  Bounding'.  A pupil  which  shows  alteniating  dilatation  and  con- 
traction. See  Hippus. 

Pupil,  Bumke’s.  Dilatation  of  the  pupil  following  a psychic  stimulus. 

It  does  not  occur  in  dementia  prfficox. 

Pupil,  Cat’s  eye.  Slit  pupil.  One  with  a narrow,  vertical  aperture. 
See  p.  2855,  Vol.  IV  of  this  Encifclopedia.  See,  also,  under  the 
heading  Pupil  in  health  and  disease  shortly  following  hereafter, 
with  illustrations. 

Pupil,  False.  The  so-called  pseudopupil  of  invertebrate  eyes.  See 

False  pupil. 

Pupil,  Hutchinson’s.  A unilateral  mydriasis. 

Pupil  in  general  anesthesia.  See  Ether,  p.  4526,  Vol.  VI ; also  Chloro- 
form, p.  2065,  Vol.  Ill  of  this  Encyclopedia.  To  the  matter  found 
there  it  may  be  added,  regarding  the  significance  of  the  pupillary 
reaction  during  general  anesthesia,  that  the  loss  of  the  corneal  reflex 
has  been  used  as  an  index  of  the  degree  of  narcosis  for  many  years, 
but  Northrop  {Novthwest  3Iedicin6,  April,  1906)  believes  it  to  be  un- 
scientific and  useless,  and  its  application  a score  of  times  during  a 
single  operation  positively  barbarous.  While  there  is  no  one  signal 
that  is  an  infallible  guide,  the  pupillary  reaction  is  the  nearest  ap- 
proach to  it.  A rapidly  dilating  pupil  means  danger,  and  a fixed, 
dilated  pupil  extreme  danger.  A contracted,  immobile  pupil  usually 
means  safe  surgical  anesthesia ; oscillation  indicates  diminishing  nar- 
cosis. The  pupil  is  sometimes  modified  by  the  manipulation  of  ex- 
cessively sensitive  tissue  or  a sudden  change  of  the  patient  s position. 
In  the  primary  stage  of  ether  anesthesia  the  pupils  generally  dilate  but 
react  well  to  light.  As  ether  is  added,  the  pupil  contracts  more  and 
more,  and  reacts  sluggishly  to  light,  finally  becoming  immobile,  hav- 
ing reached  the  “mid-point”  (Hartley)  of  safe  surgical  anesthesia.  If 
the  anesthetic  be  pushed,  the  pupil  will  dilate  and  finally  cease  to  le- 
act,  the  cornea  becomes  insensitive,  and  danger  signs  appear,  indi- 
cating the  approach  of  cardiac  or  respiratory  failure,  or  both.  If  the 
ether  be  discontinued  the  patient  will  begin  to  react,  the  pupil  gradu- 
ually  going  back  through  the  same  series  of  changes  reversed,  or  it  may 
dilate  .suddenly,  reacting  to  light,  and  the  patient  begins  to  struggle 
or  vomit.  In  chloroform  narcosis  the  changes  are  similar,  but  more 
rapid,  and  must  be  watched  for  with  even  more  care.  A point  to  be 
remembered  is  that  the  cornea  is  affected  early  by  chloroform.  Sec, 
also.  Pupil  in  health  and  disease,  infra. 
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P.  U.  0.  Abbreviation  for  “pyrexia  of  unknown  origin”;  an  Eng- 
lish designation  for  trench  and  other  forms  of  undiagnosed  fever. 

Pupil,  The,  in  health  and  disease.  Pupil,  from  latin,  pupus,  boy,  pupa, 
girl.  In  a secular  sense,  it  means  (1)  a youth  or  maiden  who  is 
under  instruction.  (2)  A disciple  or  follower  who  believes  and  teaches 
what  he  has  been  taught. 

There  seems  to  be  no  connection  between  the  above  etymology  and 
the  anatomical  definition — “the  normal  perforation  in  the  iris” 
excepting  that  it  is  believed  to  refer  to  the  tiny,  child-like  image 
reflected  from  the  cornea  corresponding  to  the  location  of  the  pupil. 
Pupil  in  an  anatomical  sense  is  defined,  “The  aperture  in  the  iris  of 
the  eye  for  the  passage  of  light.” 

The  following  argument  assists  in  establishing  the  pupil  as  a 
feature  of  the  eye  worthy  of  careful  consideration. 

(1)  Its  visihihty  to  the  iiaJced  eye.  Many  ocular  structures,  espe- 
cially those  directly  concerned  with  the  function  of  sight,  are  concealed 
from  simple  inspection.  The  pupil  and  its  surrounding  iris,  located 
at  the  bottom  of  the  anterior  chamber,  afford  us  an  opportunity  to 
observe  through  the  clear  cornea  and  aqueous  the  behavior  of  the 
otherwise  concealed  mechanism  which  has  its  connection  with  many 
localities  of  the  brain,  spinal  cord  and  general  nervous  system.  Ir- 
regularities in  contour,  position,  color,  size  and  behavior  are  easily 
noticed  and  the  clinical  significance  of  each  is  so  unvarying  and  far- 
reaching  that  not  only  ophthalmologists,  but  physicians,  surgeons, 
neurologists,  alienists  and  others  familiar  with  the  normal  and  ab- 
normal pupil  are  (assisted  by  other  symptoms)  led  to  detect  at  once 
such  profound  systemic  states  as  uremia,  opium  poisoning,  belladonna 
poisoning,  etc.,  or  such  grave  cerebral  states  as  apoplexy,  tumor,  ab- 
scess, meningitis,  such  nervous  diseases  as  multiple  sclerosis,  paresis, 
tabes  dorsalis,  hysteria,  as  well  as  such  alarming  emergency  states  as 
shock,  fatal  syncope,  sunstroke,  exsanguination,  epilepsy,  tetan- 
us, strychnine  poisoning,  hydrophobia,  eclampsia  and  death.  Indeed, 
the  last  rites  of  the  catholic  church  are  ministered  by  the  priest  only 
when  on  inspection  of  the  pupil  in  the  presence  of  other  evidences  of 
impending  death,  it  is  seen  to  lose  its  contracted  state  and  to  slowly 
dilate.  Thus,  the  state  and  behavior  of  the  pupil  is  looked  upon  with 
concern  by  all  who  are  familiar  with  the  graver  problems  which  con- 
front the  physician  and  surgeon  as  well  as  by  the  clinician  in  search 
of  confirmatory  evidence  to  assist  in  making  up  a diagnosis  of  some 
obscure,  incipient,  vague  or  transitory  malady  affecting  the  cerebro- 
spinal nervous  system.  The  reason  for  this  is  because  the  pnpil  is 
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influenced  by  many  kinds  of  stimuli  and  inhibitions  acting  along  vari- 
ous nervous  pathwaj^s  from  diverse  parts  of  the  body  and  in  response 
to  uniform  and  definite  impulses. 

(2)  Its  relation  to  deeper  ocular  structures.  The  pupil  is  an  aper- 
ture in  the  iris.  The  iris  is  the  anterior  segment  of  the  tunica  vascu- 
losa,  composed  of  structures  partly  ectodermal  and  partly  mesodermal 
in  origin,  and  affords  valuable  data  open  to  naked  eye  inspection  in 
cases  of  diseased  states  and  congenital  abnormalities  of  other  parts  of 
the  tunica  vasculosa  which  are  concealed  from  direct,  unaided  inspec- 
tion (the  ciliary  body  and  choroid)  and  also  in  states  referable  to  the 
nervous  coat  of  the  eye  (the  retina). 

Owing  to  its  anatomical  arrangement  and  to  the  fact  that  its  be- 
havior is  dependent  on  the  state  of  the  so-called  “pupillary  light 
reflex  arc,”  as  well  as  the  “cervical  sympathetic  pathway,”  it  is  quite 
possible  for  the  expert  ophthalmologist  to  examine  and  test  the  pupil 
and  decide  as  to  whether  blindness  is  present  and  if  so,  whether  it  is 
from  a primary  lesion  in  the  eye  itself  or  secondary  to  some  lesion 
that  exists  beyond  the  eyeball.  The  picture  of  the  fundus  as  seen 
through  the  pupil  by  the  aid  of  the  ophthalmoscope  -will,  of  course, 
assist  greatly  in  the  diagnosis. 

(3)  Its  7'eactio'n  to  accommodation.  The  fact  that  when  the  eye 
“accommodates”  to  produce  clear  vision  at  short  range  the  pupil  in 
normal  states  contracts,  affords  valuable  opportunities  for  information. 
The  independent  innervation  of  the  ciliary  muscle  on  the  one  hand, 
and  the  iris  on  the  other,  the  cerebral  connection  or  association  between 
the  centers  controlling  ciliary  action  and  those  controlling  pupillary 
action,  afford  a fascinating  study  in  cases  where  there  is  inharmonious 
action  between  the  functions  of  these  correlated  anatomical  structures : 
e.  g.,  we  may  have  normal  accommodation  and  paralyzed  pupils;  we 
may  have  paralyzed  accommodation  and  normal  pupils;  we  may 
have  pupils  contracted  and  fixed  to  light,  or  pupils  dilated  and 
fixed  to  light  but  which  contract  when  the  accommodation  effort  is 
used ; or  we  may  have  both  pupil  and  accommodation  paralyzed  or  in 
a cramped  or  contracted  state.  Each  of  these  problems  has  its  clinical 
significance  and  they  all  afford  interesting  and  valuable  information. 

(4)  Its  consensual  reaction.  There  are,  as  is  well  known,  associa- 
tion fibers  in  the  brain  connecting  the  centers  of  one  hemisphere  with 
those  of  the  other,  and  hence  a stimulus  delivered  to  the  pupillary 
centers  on  one  side  is  referred  across  to  those  on  the  other  side  and 
from  these  centers  to  the  irides  of  both  eyes  causing  contraction  of 
the  pupils  in  a harmonious  and  equal  manner.  But  in  certain  dis- 
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eased  or  abnormal  states  of  one  eye  causing  unilateral  blindness  we 
have  the  interesting  phenomenon  that  the  pupils  of  both  eyes  will 
contract  when  the  normal  eye  is  illuminated,  but  both  pupils  will  re- 
main unaffected  when  the  blind  eye  is  illuminated.  From  the  misbe- 
havior of  the  pupils  in  this  so-called  “consensual  pupillary  action” 
useful  if  not  indicative  evidence  can  be  deduced. 

(5)  Its  rel-ation  to  the  spinal  cord.  The  cilio-spinal  centers  con- 
trolling the  dilator  muscles  of  the  irides  are  located  rather  far  down 
in  the  spinal  cord  (at  or  near  the  first  dorsal  vertebra).  The  cervical 
sjTupathetic  nerves  emanating  from  these  centers  finally  reach  the 
dilator  muscular  fibers  of  the  irides  and  hence  it  is  that  useful  and 
valuable  information  is  afforded  to  the  clinician  as  to  the  state  of 
health  of  these  centers  and  of  certain  columns  of  the  cord  in  their 
vicinity.  There  may  be  inveterately  contracted  pupils  due  to  paraly- 
sis of  function  of  the  cervical  sympathetic  nerves,  as  seen  in  tabes  dor- 
salis and  other  similarly  degenerated  states  of  the  spinal  cord,  or  from 
traumatism  to  the  cord  in  this  locality,  causing  the  clinical  sign  I 
known  as  “paralytic  miosis”;  or  there  may  be  dilated  pupils  » 
through  irritation  of  these  nerves  in  states  of  functional  irritation 
or  inf[am>^iation  of  the  cord,  as  seen  in  cei’tain  acute  toxemic  states  or 
in  peripheral  irritations  affecting  the  splanchnic  nerves  especially  ob- 
served in  children  and  expressed  in  twitchings,  spasms,  convulsions, 
etc.,  causing  the  clinical  sign  known  as  “spa.stic  mydriasis.”  More-  f 
over,  the  consideration  of  the  fact  that  there  are  association  fibers  con- 
necting the  cilio-spinal  center  with  those  in  the  brain  controlling  the 
action  of  the  sphincter  pupillas  renders  the  study  of  problems  arising 
from  interruption  of  the  normal  impulses  to  the  pupils  along  this  route 
from  tumors,  hydrops,  cavitations,  areas  of  degeneration,  trauma- 
tisms, etc.,  affecting  the  cilio-spinal  center  or  the  association  bi’ain 
and  cord  fibers  above  mentioned,  of  absorbing  interest  and  great 
localizing  value  to  the  diagnostician. 

(6)  Its  relation  to  hrain  surgery.  There  are  lesions  of  the 
brain,  such  as  are  produced  by  tumor,  abscess,  hemorrhage,  trau- 
matism, etc.,  located  on  the  convexity,  at  the  base,  in  the  brain  sub- 
stance, the  ventricles,  the  contiguous  or  boundary  structures  such 
as  the  concavity  of  the  skull  bones,  and  cerebral  edema  with  conse- 
quent increased  intracranial  pressure  dependent  on  focal  diseases  of 
the  brain  in  which  it  is  important,  in  view  of  possible  relief  from 
surgical  measures,  to  determine  an  accurate  localization. 

In  this  class  of  diseases,  the  so-called  “brain  cases,”  the  compar- 
ative size  and  behavior  of  the  pupils  studied  alone  or  in  connection 
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with  optic  neuritis,  strabismus,  nystagmus,  hemiplegia,  etc.,  afford 
information  of  inestimable  value.  I have  known  brain  cases  where  the 
important  question  as  to  localization  Wcis  finally  answered  by  the 
group  of  ocular  symptoms  aided  greatly  by  the  evidence  afforded  from 
pupillary  behavior. 

(7)  Its  relaMon  to  the  dioptric  tmdia.  The  pupil  varies  in  depth 
from  the  cornea  at  different  periods  of  life,  its  blackness  and  clear- 
ness depends  in  a mea.sure  at  least  upon  the  transparency  of  the 
cornea  and  aqueous  humor.  Its  position  anterior  to  the  lens  enables 
forms  of  lens  opacification  which  exist  in  the  i)up,il  area  to  be  studied 
in  regard  to  their  location,  size  and  shape.  Its  jet  color  in  ordinary 
daylight  inspection  as  compared  with  the  glitter  and  sheen  observed 
in  cases  of  glioma  or  pseudo-glioma  of  the  retina,  its  opaque  indian- 
red  color  as  seen  in  cases  of  hemorrhages  in  the  anterior  part  of  the 
vitreous  by  focal  illumination,  its  slaty  color  as  observed  in  cases 
where  a recent  exudation  occupies  the  anterior  part  of  the  vitreous 
body,  or  when  the  retina  is  floating  loose  in  the  vitreous,  its  gray 
or  dark  appearance  when  the  ‘‘red  reflex  test”  is  employed  in  cases 
of  vitreous  exudation  from  any  cause,  its  appearance  in  normal  and 
diseased  states  when  transillumination  of  the  eyeball  is  employed, — 
all  these  and  many  other  findings  point  out  the  great  value  of  the  pupil 
when  tested  and  examined  in  the  various  ways  employed  to  determine 
the  state  of  the  dioptric  media  of  the  eye. 

In  the  preparation  of  this  section  it  was  deemed  best  to  scan  the 
subject  in  a general  way  and  then  to  arrange  the  details  in  alphabet- 
ical order  for  handy  cyclopedic  reference.  Each  point  in  this  intro- 
ductory resume  may  be  found  fully  discussed  under  its  appropriate 
heading  in  the  main  body  of  this  section. 

GENERAL  CONSIDERATIONS. 

The  width  of  the  pupils  varies  in  health  from  infancy  to  old  age 
and  pupils  often  vary  in  size  normally  in  the  same  individual.  In 
infancy  the  pupils  are  contracted.  In  youth  and  adolescence,  dilated. 
In  the  middle  decades  neither  contracted  nor  dilated,  while  in  old 
age  they  are  contracted. 

Why  does  the  normal  pupil  vary  in  width  throughout  life?  In 
the  infant  born  into  a world  of  light  where  the  nervous  elements  of 
the  retina  arc  stimulated  for  the  first  time  the  common  belief  is  that 
there  is  a contraction  of  the  pupil  because  of  nature’s  effort  to  shade 
the  retina  from  glare.  But  there  must  be  another  cause.  In  the 
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newly-born  infant  the  sensorium  is  still  sluinl)ering.  The  infant  i 
brain  and  nervous  s.ystein  have  not  yet  begun  to  receive  and  convey 
impressions  from  the  outside  world.  It  takes  several  months  before  ; 
the  child  knows  anything  and  when  that  stage  begins,  or,  in  other  j 
words  when  the  sensory  stimuli  reach  the  brain  cortex  and  traverse  j 

the  nerves  of  the  body,  we  find  the  pupils  begin  to  dilate  and  the  j 
period  of  yoiitli  occurs.  i 

In  youth  and  adolescence  the  entire  sympathetic  nervous  system 
is  unstable  as  compared  with  the  adult  state;  the  reflexes  are  all 
accentuated;  the  various  parts  of  the  body  respond  in  an  exaggerated  j 
Mmy  to  the  diverse  stimuli  and  it  is  during  these  unstable  years 
when  the  spinal  cord  is  growing  inch  by  inch,  and  the  nerves  supply- 
ing the  different  members  of  the  body  are  likewise  rapidly  increasing 
in  size  and  length,  that  the  S3nnpathetic  nerves  Avhich  supply  the 
dilator  muscle  of  the  iris  are  more  active.  Another  argument  is  that 
the  pupils  in  abstracted  states  of  the  mind,  h.ypnotic  states  and  dream 
states,  are  dilated  through  psychic  influence  conve.yed  to  the  sphincter 
of  the  pupil  through  the  course  of  the  3rd  nerve.  In  j’-outh  and  ado- 
lescence the  child  lives  in  a Avorld  of  make-believe  and  imagination, 
moreover  during  the  eaidv  years  of  life  the  powers  of  inhibition  are 
feeble.  The  dilated  pupil  of  youth  maj^  be  regarded  an  expression 
of  this  general  lack  of  inhibition. 

There  is  a period  of  several  .years  called  the  middle  age  of  life 
when  the  pupil  is  neither  contracted  nor  dilated  ad  extrema.  These 
are  the  stable  .years  when  there  is  a so-called  normal  balance  expressed 
in  the  many  functions  of  the  bod.y.  In  middle  life  the  processes  of 
repair  and  waste  are  about  evenly  balanced.  There  is  no  longer 
increased  bodil.y  growth.  The  internal  secretions  nicel.y  balance  the 
requirements  of  the  bod.y  Imought  about  b.y  increased  activity  during 
these  years.  The  mental  powers  are  at  their  best,  the  ability  to  do 
the  world’s  work  is  most  evident  during  these  3^ears.  The  pupil  is 
never  seen  to  dilate  ad  maximum  in  states  of  health  during  the  middle 
years  of  life  nor  is  there  contraction  of  the  pupil  beyond  a certain 
point,  certainl.y  not  contracted  as  in  the  infant  and  the  aged. 

In  the  aged  we  find  the  pupil  contracted.  The  common  explana- 
tion for  this  is  embraced  in  the  comprehensive  term,  “hardening  of 
the  arteries.”  In  senility  the  capillary  walls  are  less  resilient  and 
since  the  iris  is  a vascular  membrane,  we  find  it  stiffened  from  va.seu- 
lar  sclerosis.  Fnclis  explains  senile  mio.sis  li.y  declaring  the  presence 
of  thickening  of  connective  tissue  l)ehind  the  sphincter.  IMeller  states 
there  is  hj'aline  connective  tissue  at  the  border  of  the  pupil  in  the 
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iiged.  lu  any  event  senile  miosis  may  be  regarded  as  a wise  dispen- 
sation ot*  nature  to  compensate,  at  least  in  a measure,  for  the  loss  of 
accommodation. 

Normal  pupils  are  influenced  by  the  following:  (1)  Light  and 
shade.  (2)  Sensory  stimuli.  (3)  Drug  influence.  (4)  Emotions.  (5) 
Bodily  disease.  (6)  Sleep,  coma  and  death.  (7)  Cerebro-spinal  ner- 
vous states  and  diseases.  (8)  Various  other  conditions  which  will  be 
mentioned. 

|We  note  that  the  pupil  will  contract  in  the  light  and  expand  in 
darkness.  This  will  be  studied  later  on.  We  also  find  the  pupil  re- 
sponds to  the  touch,  as  it  were,  for  if  the  skin  about  the  face  or 
neck  be  irritated,  or  even  if  a painful  inflamed  part  of  the  body  like 
a rheumatic  joint  be  pressed  upon,  the  pupil  will  dilate. 

It  is  a curious  fact  that  the  juices  of  certain  plants  contain  active 
principles  which  have  striking  effects  upon  the  pupjl  when  their  so- 
lutions are  instilled  in  the  conjunctival  sac.  One  class  known  as 
mydriatics  causes  the  pupil  to  dilate;  another  class  known  as  myotics 
causes  the  pupil  to  contract.  Advantage  is  taken  of  the  specific 
action  on  the  pupil  incited  by  these  alkaloids  in  controlling  certain 
diseases  of  the  eye  where  such  action  is  indicated. 

The  pupil  also  responds  to  emotions  of  a violent  nature,  such 
as  anger,  grief,  passion,  etc.,  psychic  states  in  which  we  find  it  dilated. 
In  sleep  the  pupils  are  contracted  in  spite  of  the  fact  that  during 
sleep  we  are  in  darkness  and  the  eyes  are  closed,  conditions  favorable 
to  dilatation.  The  explanation  of  this  must  lie  in  the  fact  that  in  the 
absence  of  all  stimuli  the  more  powerful  muscle  of  the  iris,  the 
sphincter,  asserts  itself  and  the  tone  of  this  muscle  permits  the  con- 
traction. In  death  the  pupil  dilates  but  not  ad  maxwium.  Among 
the  cerebro-spinal  nervous  diseases  we  find  interesting  behavior  on 
the  part  of  the  pupil.  In  tabes  we  find  it  contracted  sometimes  to 
a pinpoint,  whereas,  in  epilepsy  and  convulsions  we  find  it  dilated. 
Between  these  extremes  there  are  many  irregular  and  sometimes  strik- 
ing conditions  of  the  pupil  which  aid  greatly  in  fixing  the  diagnosis. 
But  valuable  as  the  pupil  is  from  a clinical  sense  there  is  no  single 
, disease  of  the  body  which  presents  pathognomonic  pupillary  signs. 

The  color  of  the  pupil  varies  in  different  periods  of  life;  in  child- 
hood and  adolescence  it  is  a luminous  black;  in  middle  age  it  appears 
slightly  dull-black  or  gray-black,  while  in  old  age  it  appears  gray. 
In  youth  the  brightness  is  due  to  the  clear  media.  In  middle  age 
the  loss  of  brightness  is  due  to  the  presence  of  a nucleus  in  the  lens, 
while  in  old  age  the  pupil  appears  gray  because  this  sclerosis  of  the 
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leus  finds  its  greatest  expression,  being  more  or  less  complete.  The 
cornea  too  lacks  its  pristine  brilliancy  in  old  age.  The  differences 
in  the  color  of  the  pupil  which  we  note  in  health  at  different  stages 
of  life  are  therefore  due  to  interference  phenomena. 

Anatomy  of  the  pupil.  There  are  two  opposing  muscles  in  the 
iris.  One,  the  sphincter  pupillae,  is  situated  in  the  tissue  of  the  iris 
near  the  margin  of  the  pupil.  It  is  the  muscle  which  produces  con- 
traction of  the  pupil.  The  other,  the  dilator  pupillae,  is  composed  ^ 

of  radiating  strands  which  have  their  origin  at  the  root  of  the  iris  i 

and  their  insertion  in  the  sphincter  in  which  its  fibers  blend.  When  ; 

the  radiating  fibers  act,  granting  that  the  sphincter  is  relaxed,  the 
pupil  expands,  for  its  margin  is  drawn  away  from  the  center  by  i 
these  contracting,  radiating  fibers.  This  double-acting  muscular  ap-  \ 

paratus  is  under  the  control  of,  and  is  directly  answerable  to,  im-  ‘i 

pulses  received  through  different  nerve  fibers.  ^ 

The  sphincter  muscle  is  composed  of  interlacing,  non-striated,  in-  ‘ 
voluntary  muscular  fibers.  The  dilator  muscle-fibers  are  composed  of  | 
slender  spindle-shaped  cells  eontaining  elongated  nuclei.  These  invol-  ^ 
untary  non-striated  muscular  fibers  are  woven  in  a continuous  layer  \ 
like  a sheet  muscle. 

. Contraction  and  dilatum.  Normal  contraction  of  the  pupil  is  1 

brought  about  by  stimulation  of  the  .so-called  “pupillary  light  re-  | 

flex  are”  acting  on  the  sphincter  muscle,  or  by  downward  impulses 
along  the  efferent  arm  of  this  arc  from  cerebral  stimuli,  and  dilation  | 
of  the  pupil  is  brought  about  by  .stimulation  of  the  so-calied  “sym-  | 
pathetic  nerve”  acting  on  the  dilator  muscle,  or  by  suspen.sion  of  ? 
action  of  the  pupil  contracting  mechanism  in  the  brain.  | 

The  pupillary  light  reflex  arc  consi.sts  of  a sy.stem  of  nerve  fibers  I 

M'hich  have  their  origin  in  the  retina  and  traverse  the  optic  nerve  • 

along  with  the  visual  fibers,  semi-decussating  in  the  chiasm  and  reach-  t 

ing  certain  parts  of  the  brain  to  end  in  small  aggregations  of  cells, 
the  “pupil  centers.”  From  there  connecting  neurons  run  to  other 
centers  in  the  brain,  which  in  turn  give  off  other  neurons  which  enter 
the  trunk  of  the  3rd  nerve  to  pass  on  down  into  the  ciliary  ganglion  in 
the  orbit  and  entering  the  eyeball  through  the  ciliary  nerves  finally 
reach  the  sphincter  pupilla3. 

A microscopic  examination  of  a section  of  the  optic  nerve  will  reveal 
fibers  of  different  sizes  running  in  bundles.  Some  of  these  fibers 
are  course  and  others  are  fine.  The  coarser  fibers  have  nothing  to  do 
with  the  function  of  sight.  They  are  the  pupillo-motor  fibers  of  the 
centripetal  arm  of  the  pupillary  light  reflex  arc  above  referred  to 
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and  are  tlic  nerve  strands  which  are  concerned  solely  in  pupil  con- 
traction. They  have  been  traced  by  von  Monakow  to  the  anterior 
colliculus  of  the  corpus  quadrigeininuin.  These  fibers  were  first  rec- 
ognized by  von  Gudden  and  von  Becterew.  They  have  been  studied 
and  elaborated  by  Westphal,  Reichardt,  Piltz,  Bach,  Meyer,  Bein- 
heiiner  and  many  others,  so  that  we  may  accept  it  as  an  established 
fact  that  these  distinct  and  special  coarse  fibers  of  the  optic  nerve 
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Diagram  of  the  afferent  and  efferent  pupillary  paths  for 
Afferent  paths  from  left  sides  of  retin®,  thick  solid  lines;  em  Patos  from 
right  sides  of  retinae,  thick  dotted  lines;  efferent  paths  of  left  eye,  thin  solid 
lines-  efferent  paths  of  right  eye,  thin  dotted  lines;  Ir.,  ins;  R,  retina,  II,  optic 
nerve-  o.  tr.,  optic  tract;  Coll.  Supr.,  colliculus  superior  or  anterior  corpus  Quadri- 
Snum-  liird.  nuc.,  nucleus  of  Wrd  nerve;  e.  g.  b.,  external  geniculate  body; 
c.  g.,  ciliary  ganglion;  s.  c.  n.,  short  ciliary  nerves.  (Description  and  diagram 

from  J.  Herbert  Parsons.) 


convey  the  stimulus  from  the  retina  along  the  optic  nerve  and  optiQ 
tracts  into  their  receiving  nuclei  in  the  brain  to  be  translated  into 
a motor  impulse  down  from  the  brain  to  the  sphincter  pupillse.  (See 

figure.)  , . . . . ■ u 

liy  testing  the  reaction  of  a person’s  pupil  to  light  it  is  astonish- 
ing to  note  how  quickly  the  pup,il-contracting  impulse- travels  to  the 
brain  centers  and  back  to  the  iris.  Exposing  the  eye  to  light  pro- 
duces a contraction  of  the  pupil  so  quickly  that  sometimes  it  m 
difficult  to  catch  it  in  the  act.  The  up-?oing  fibers  are  called  the 


10560 


PUPIL,  THE,  IN_  HEALTH  AND  DISEASE 


afferent,  or  centripetal,  and  the  do\\ni-coniing  fibers  are  called  the 
efferent,  or  eontrifugal.  Impulses  travel  along  this  arc  in  one  di- 
rection only,  viz.,  from  the  retina  to  the  pupil  center  thence  to  the 


Diagram  of  the  efferent  pupillary  paths.  Dotted  lines,  pupilloconstrictor : III 
nuc.,  nucleus  of  third  nerve ; c.  g.,  ciliary  ganglion ; s.  c.,  short  ciliary  nerves.  Solid 
lines,  pupillodilatator : Dil.,  hypothetical  dilatator  center  in  the  medulla;  c.c-sp.  i., 
Budge’s  centrum  ciliospinale  inferius;  DI,  DII,  Dill,  first,  second,  and  third 
dorsal  nerves;  r.  c.,  r^us  communicans;  Stellate  g.,  stellate  ganglion; 
ann.  V,  annulus  of  Vieussens;  i.  c.  g.  inferior  cervical  ganglion;  cerv, 
symp.,  cervi^l  sympathetic;  s,  c.  g.,  superior  cervical  ganglion;  Gass,  g.,  Gas- 
serian ganglion;  VI,  V2,  V3,  first,  second,  and  third  divisions  of  the  fifth  nerve; 
V nasal,  nasal  branch  of  the  ophthalmic  (first)  division  of  the  fifth  nerve;  1.  c., 
long  ciliary  nerves.  (Description  and  diagram  from  J.  Herbert  Parsons.) 

nuclei  of  the  third  nerve  and  from  the  nuclei  of  the  third  nerve 
to  the  sphincters. 

It  is  possible  for  a person  to  be  entirely  blind  from  atrophy  of  the 
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visual  fibers  iu  the  retina  and  optic  nerve  and  still  retain  normal  pu- 
pillary reaction  from  the  influence  of  light  on  the  pupillomotor  fibers. 
It  is  also  possible  for  a person  to  be  blind  from  a lesion  affecting  the 
visual  areas  of  the  brain  cortex  and  still  retain  normal  pupil-reaction. 

The  dilatation  of  the  pupil  is  not  brought  about  by  any  effect  of 
light  on  the  retina.  On  the  contrary  it  may  be  brought  about  by 
the  effect  of  darkness  on  the  retina  as  well  as  from  other  causes 
through  an  active  impulse  conveyed  to  the  dilator  muscle  of  the  iris 
along  the  cervical  sympathetic  nerve  tract  and  at  the  same  time  a 
passive  impulse  conveyed  to  the  sphincter.  The  nuclear  origin  of 
the  cervical  sympathetic  is  probably  located  in  the  medulla  oblongata. 
The  axis  cylinders  concerned  in  this  pathway  pass  down  the  lateral 
column  of  the  spinal  cord  sometimes  as  far  as  the  3rd  dorsal  verte- 
bra to  a certain  spot  in  the  cord  known  as  the  “ cil,io-spinal  center,” 
or  Budge’s  center.  It  is  certain  that  this  tract  has  connection  with 
the  cortex  of  the  brain.  Axis  cylinders  or  neurons  beginning  at  the 
cilio-spinal  center  emerge  in  the  roots  of  the  spinal  nerves  and  reach 
the  inferior  cervical  ganglion,  passing  en  route  through  the  stellate 
ganglion  and  the  annulus  of  Vieussens;  from  the  inferior  cervical 
ganglion  they  pass  on  to  reach  the  superior  cervical  ganglion  near  the 
angle  of  the  lower  jaw.  This  ganglion  is  a “relay  station”  where 
other  neurons  arise  which  in  turn  pass  forward  to  where  branching 
neurons  from  the  Gasserian  ganglion  are  received,  and  also  neurons 
from  the  plexus  around  the  internal  carotid,  and  thus  reinforced, 
as  it  were,  they  travel  on  to  join  the  nasal  branch  of  the  first  divi- 
sion of  the  5th  nerve  (ophthalmic  branch)  to  form  the  two  long  cil- 
iary nerves  which  reach  the  ciliary  muscle  and  iris.  Paralysis  of  this 
nerve  pathway  causes  contraction  of  the  pupil  through  withdrawal 
of  function;  (See  fig.) 

21ie  influence  of  the  brain  cortex  on  the  pupil.  It  will  be  fonnd 
that  the  claim  has  been  set  up,  and  probably  proveai,  that  there  is  a 
connection  between  the  cerebral  cortex  and  the  centers  for  pupillary 
contraction  and  dilation.  It  seems  difficult  to  prove  a theory  with- 
out definite  laboratory  findings.  These  fibers  connecting  the  cortex 
with  the  sphincter  and  dilator  nuclei  have  never  been  traced,  but 
they  most  likely  exist.  TIaab’s  cortical  reaction  is  a stimulation  of  the 
centrifugal  pupillary  fibers  from  cortical  impulse.  Haab  places  the 
patient  in  the  dark  gazing  straight  ahead.  A candle  flame  is  placed 
at  an  angle  of  45°  from  his  axis  of  vision.  If  the  patient  directs  his 
attention  to  the  darkness  ahead  his  pupils  dilate,  but  *if  he  directs  his 
attention  to  the  candle  light  at  one  side  without  shifting  his  eyes  in 
that  direction,  the  pupils  will  contract.  This  test  seems  to  prove  the 
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claim  that  there  must  be  in  the  brain  a connection  between  the  cortex 
and  tlie  centers  for  pupillary  contraction  and  dilatation. 

There  are  three  kinds  of  nerves  supplying  the  iris,  all  of  which  are 
concerned  in  controlling  the  pupil.  They  are  (1)  sensory,  (2)  mo- 
tor, (3)  sympathetic. 

Setisory.  In  inflammatory  states  of  the  cornea  and  iris  the  sen- 
sory fibers  cause  local  pain  and  produce  a reflex  contraction  of  the 
pupil.  This  contraction  is  brought  about  by  the  stimulus  reaching 
the  ciliary  ganglion  via  sensory  nerve  strands  and  a return  motor  im- 
pulse along  the  strands  of  the  3rd  nerve  from  this  ganglion  to  the 
sphincter.  There  is  also  produced  a eertain  amount  of  congestion  of 
tlie  blood  vessels  of  the  iris  which  in  itself  causes  a narrowing  of  the 
pupil.  The  parent  of  the  sensory  nerves  of  the  iris  is  the  5th  cranial 
nerve. 

Motor.  Stimulation  of  the  pupillomotor  fibers  in  the  retina  and 
optic  nerve  as  above  described  causes  contraction  of  the  spliincter 
pupillsB  and  consequent  narrowing  of  the  pupil  space.  The  parent 
of  the  motor  nerves  of  the  iris  is  the  3rd  cranial  nerve.  The  nerve 
filaments  which  supply  the  sphincter  pupillse  are  in  no  direct  way 
connected  with  the  nerve  filaments  which  supply  the  dilator  pupillae 
and  yet  there  is  a harmonious  action  between  contraction  and  relaxa- 
tion of  the  sphincter  pupillffi  and  relaxation  and  contraction,  respec- 
tively, of  the  dilator  pupillae.  In  no  physiological  state  is  there  con- 
traction of  both  the  sphincter  and  dilator  fibers  at  the  same  time. 
The  impulse  for  contraction  of  the  sphincter  pupillae  may  come  from 
without  through  the  influence  of  the  light  on  the  retina,  or  it  may 
come  from  within,  as  when  we  bid  the  eyes  to  focus  on  an  object  near 
at  hand. 

Sympathetic.  Stimulation  of  the  sympathetic  nerve  fibers  causes 
contraction  of  the  dilator  muscle  in  the  posterior  structure  of  the 
iris.  This  results  in  dilatation  of  the  pupil.  The  parent  of  the  dilating 
nerve  fibers  of  the  iris  is  the  cervical  sympathetic  nerve  as  above 
described. 

The  practical  application  of  our  knowledge  on  the  subject  of  the 
pupil  is  embraced  in  what  is  known  as  “pupillary  reactions.” 

Noimml  pupillary  reactions.  There  are  two  light-reflex  pupillary 
tests  in  common  use.  The  first  is  to  determine  the  direct  reaction 
which  is  produced  when  light  and  shadow  are  alternately  made  to 
enter  the  eye  under  observation.  The  second  is  the  indirect,  or  con- 
sensual,  reaction  as  when  light  and  shadow  are  alternately  made  to 
enter  the  fellow  eye.  Both  of  these  reactions  when  normal,  are  due 
to  the  integrity  of  the  light  reflex  arc  which  we  have  just  described. 
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The  mechanics  of  the  subject  are  embraced  in  the  conversion  of 
one  kind  of  energ}^  (light),  to  another  kind  of  energy  (motion). 

The  assocuited  reaction  is  a contraction  of  the  pupil  whicli  takes 
place  in  the  act  of  convergence  and  also  of  accommodation. 

The  direct  reaction  of  the  pupil  to  light  is  a test  which  is  applied 
to  determine  the  state  of  the  retina,  brain  or  spinal  cord,  e.  g.,  di- 
lated fixed  pupil  may  indicate  paralysis  of  the  brain  or  of  the  pupil 
center  in  the  brain,  or  it  may  indicate  irritation  of  the  spinal  cord 
from  any  cause,  and  contracted  fixed  pupil  may  indicate  irritation  of 
the  brain  (meningitis)  or  paralysis  of  the  spinal  cord  or  certain 
tracts  in  the  cord.  The  indirect  or  consensual  reaction  is  a test  to  de- 
termine the  status  of  the  pupillary  light  reflex  arc.  The  associated 
reaction  test  is  employed  to  determine  the  condition  of  the  nuclear 
centers  for  convergence,  accommodation  and  pupil  contraction.  The 
convergence  reaction  of  the  pupil  is  the  most  powerful  pupillary  re- 
action w'e  have  and  the  accommodation  reaction  is  the  weakest. 
If  a person  possesses  only  one  eye  the  inference  would  naturally  be 
that  the  convergent  impulse  would  be  lost  and  that  if  the  pupil  con- 
tracts it  would  be  due  to  the  effort  of  accommodation,  but  we  must 
remember  that  even  if  one  eyeball  is  removed  the  effort  of  conver- 
gence can  be  expressed  in  the  remaining  muscles  of  the  orbit  just 
as  if  the  eye  were  present.  The  association  between  convergence  and 
pupil  contraction  has  been  tested  by  forcibly  converging  the  eyes  by 
means  of  forceps  and  it  is  alleged  that  in  this  test  the  pupils  will 
contract. 

There  are  several  other  pupillary-reaction  tests  which  are  inter- 
esting. 

/.  So-called  “ Argyll-Robertson  reaction:”  In  the  Argyll-Robertson 
phenomenon,  which  is  so  commonly  found  in  tabes  dorsalis,  we  have 
contracted  pupils  at  all  times  whether  in  light  or  darkness.  The 
pupils  do  not  contract  to  the  light  nor  do  they  react  when  making 
the  consensual  test,  but  on  employing  the  effort  of  convergence  and 
accommodation  they  contract  still  further ; so  that  we  have  a negative 
direct  and  consensual  reaction,  and  a positive  associate  reaction.  In 
this  condition  there  is  no  interference  with  the  fibers  which  run  from 
the  convergence  center  to  the  iris.  It  was  formerly  thought  that  the 
sympathetic  nerve  fibers  ruuning  to  the  iris  were  paralyzed  from 
degeneration  of  nerve  elements  in  the  spinal  cord  and  the  cilio-spinal 
center.  This  is  now  denied.  The  Argyll-Robertsoni  phenomenon 
is  present  in  about  75  per  cent,  of  the  cases  of  tabes.  It  is  also  fre- 
quently elicited  in  paresis,  but  here  the  pupils  are  not  so  contracted 
and  they  are  apt  to  be  unequal  in  size;  moreover  the  phenomenon 
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is  apt  to  be  of  short  duration  in  paresis,  while  in  tabes  when  present 
it  remains  very  constant.  This  pupil  test  is  therefore  very  valuable 
in  diagnosing  tabes  and  paresis.  The  Argyll-Robertson  pupil  or  spinal 
miosis  may  occur  in  other  nervous  diseases  such  as  paralytic  dementia, 
multiple  sclerosis,  injuries  to  the  spine,  etc.  It  never  occurs  in  healthy 
individuals. 

II.  Psychical  reflex  or  cortical  reflex  is  a dilatation  of  the  pupil 
through  various  mental  stimuli.  If  a person  makes  a profound 
effort  of  the  mind,  as  in  deep  thinking  or  concentration  the  pupils  in 
health  will  dilate,  or  in  terrified,  angered  or  hypnotic  states  of  the 
mind  they  will  dilate.  Cases'  have  been  reported  where  persons 
have  caused  the  pupils  to  dilate  while  thinking  of  the  dark  or  con- 
tract while  thinking  of  the  light.  (Budge’s  reaction.)  This  test  is 
allied  to  Haab’s  reflex  which  has  been  explained  and  proves  there 
are  fibers  connecting  the  brain  cortex  with  the  nuclei  of  pupil-eon- 
traction  and  expansion. 

III.  Pain  or  sensory  reflex  has  been  referred  to.  When  painful 
pressure  is  made  on  a sore  spot  any  where  in  the  body  the  pupils  are 
seen  to  dilate.  This  is  no  doubt  brought  about  through  stimulation 
of  the  sympathetic  nerve  which  supplies  the  dilator  pupillje. 

IV.  Hippiis  is  a bounding  of  the  pupil  noticed  while  the  light  is 
unaltered.  It  is  present  to  a certain  degree  in  health  when  it  is 
called  “oscillations  of  the  pupil.”  There  is  an  arhythmical  con- 
traction and  expansion  noted  while  watching  the  pupil.  It  is,  no 
doubt,  incited  from  psychic  influence,  the  patient  is  alarmed  or  ap- 
prehensive while  undergoing  the  test.  In  certain  cases  of  hysteria 
where  there  is  a subnormal  stability  of  the  nervous  system,  and  in 
some  eases  of  meningitis,  mania  or  partial  blindness  from  optic  papil- 
litis, the  pupil  excursions  in  uniform  illumination  may  be  astonish- 
ing, actually  bounding  open  and  shut.  This  is  “hippus.*’ 

V.  W&i'nicke’s  reaction  test.  In  cases  of  hemianopsia  when  the 
light  is  focused  on  the  blind  half  of  the  retina  it  is  by  some  claimed 
that  the  pupil  will  not  contract  if  the  lesion  involves  the  pupillary 
light  reflex  arc,  but  that  if  the  lesion  is  in  the  brain  cortex  or  any 
where  above  the  pupil  centers  the  pupil  will  contract  if  the  blind  half 
of  the  retina  is  illuminated.  The  test  is  not  easy  to  elicit  because,  as 
Hess  explains,  it  is  difficult  to  illuminate  one  side  of  the  interior 
of  the  eyeball  and  not  have  stimulation  of  the  retina  on  the  other  side 
of  the  same  eyeball  from  light  reflected  from  the  walls  within  the 
vitreous  chamber;  moreover,  the  light  will  stimulate  the  seeing  half 
of  the  retina  by  passing  through  the  sclerotic  on  that  side,  for  the 
sclera  will  transmit  light.  That  this  test  will  differentiate  a lesion  at 
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the  base  which  affects  one  optic  tract  from  a lesion  involving  the 
visual  area  is  now  disputed  by  many  authorities. 

VI.  The  GaU-assi-Gifford  reaction  (also  wrongly  called  Westphal- 
Piltz)  is  a contraction  of  the  pupil  noticed  when  the  patient  at- 
tempts to  force  his  eyelids  shut  when  they  are  held  open,  e.  g.,  with 
a speculum.  Von  Graefe  first  noticed  contraction  of  the  pupil  with 
strong  effort  at  closing  the  eyelids.  It  is  thought  to  be  an  “overflow 
stimulus  from  the  nucleus  of  the  facial  nerve  to  the  nucleus  of  the 
third  nerve.”  (Gifford.)  It  has  been  elicited  in  mydriasis  due  to 
cerebral  syphilis  where  the  pupil  was  dilated  and  fixed.  Vi^hen  the 
patient’s  eyelids  were  forcibly  held  open  and  he  was  told  to  shut 
them  tightly,  the  pupils  were  seen  to  contract  markedly.  It  may 
be  used  to  differentiate  a drug  dilatation.  In  tabes  when  the  pupils 
are  small  and  fixed,  they  are  seen  to  contract  still  more  by  this  test. 
It  is  sometimes  elicited  in  cases  of  blindness  from  increased  brain 
pressure.  It  only  shows  that  the  sphincter  nucleus  and  centrifugal 
fibers  of  the  pupil  reflex  arc  are  not  paralyzed. 

VII.  Paradoxical  pupillary  reactions  are  those  which  act  just 
the  opposite  to  the  normal,  e.  g.,  on  making  the  direct  light  test  the 
pupils  are  seen  to  dilate  or  they  may  dilate  when  making  the  con- 
vergent effort ; again  they  may  be  contracted  in  the  dark  and  dilated 
in  the  light.  Paradoxical  pupil  behavior  is  an  occasional  symptom  of 
disease  of  the  cerebro-spinal  axis,  e.  g.,  tabes,  paresis,  dementia  prsecox, 
etc.,  or  of  a functional  neurosis,  as  hysteria. 

Etiology  of  abnormal  pupils.  Abnormal  dilatation  of  the  pupil  is 
called  mydriasis  and  abnormal  contraction,  miosis. 

Mydrinsis  occurs  in  glaucoma,  double  optic  nerve  atrophy  or  total 
blindness  from  any  cause  which  does  not  destroy  the  eyeballs.  Mydri- 
asis may  also  occur  from  the  following  causes; 

(1)  Anything  which  interferes  with  the  function  of  the  pupillary 
light  reflex  are  at  any  point  from  the  retina  up  to  the  brain  centers 
and  down  again  to  the  iris,  e.  g.,  increased  cerebral  pressure  will 
cause  mydriasis  through  paralysis  of  the  nuclear  centers.  The  com- 
monest causes  are  paralysis  of  the  3rd  nerve  from  syphilis  and  oph- 
thalmoplegia interna  from  degeneration  of  the  cells  in  the  pupillary 
center. 

(2)  IMydriasis  may  occur  through  psychic  or  cortical  influence,  as 
in  maniacal  or  frenzied  states  of  tlie  mind. 

(3)  Temporary  anemia  of  the  brain,  as  in  fainting  when  the 
reflexes  are  abolished  temporarily  tlirougb  lieart  failure,  etc. 

(4)  Paralysis  of  the  brain,  as  in  fatal  syncope,  over-dosing  with 
general  anesthetics,  oncoming  death,  etc. 
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(5)  Locally  from  certain  mydriatic  drugs  such  as  cocain,  atropin, 
daturin,  duboisin,  hyoscyamin,  homatropin,  gelsemin,  euphthalmin, 
etc.  Constitutionally  from  poisonous  doses  of  certain  other  drugs 
as  aconite,  cannabis  indica,  chloral,  chloroform,  cocain,  conium,  digi- 
talis, ergot,  gelsemium,  niti-ite  of  amyl,  nitro-glycerine,  sanguinaria, 
sti-amonium,  turpentine,  scopolamin,  wood-alcohol,  quinin,  etc.,  some 
of  these  in  physiological  doses  produce  contracted  pupils  but  all  in 
lethal  do.ses  produce  dilatation. 

(6)  Dilatation  of  the  pupil  also  results  from  stimulation  of  the 
sympathetic  nerve  supplying  the  dilator  pupilhc,  such  as  noted  in  sen- 
sory skin  and  painful  pressure  reaction,  pinching  the  superior  cervi- 
cal sympathetic  ganglion  or  sticking  pins  in  it,  as  in  a case  of 
hysteria  in  a nurse  who  wanted  to  be  operated  on  for  imaginary 
brain  abscess;  spinal  irritation  from  any  cause  such  as  traumatism, 
myelitis,  spinal  meningitis  in  early  stages,  gastric  and  intestinal  dis- 
turbances which  incite  uncomscious  states,  as  convulsions  in  chil- 
dren, as  well  as  teething,  shock,  real  and  psychic,  a good  spanking,  a 
ghost  story,  night  terrors,  anything  which  makes  “the  skin  creep  and 
the  hair  to  stand  on  end”  will  stimulate  the  S3'mpathetic  nerves  to  the 
iris  and  cause  pupil  dilatation. 

We  must  be  able  to  diagnose  in  a given  case  whether  the  dilatation 
is  paralytic,  as  from  paralysis  of  the  brain  or  its  nuclei,  or  spastic, 
as  from  excitation  of  the  spinal  cord  causing  stimulation  of  the  cervi- 
cal s.vmpathetic  iierve.  In  man\'  of  these  eases,  if  not  the  majority, 
there  is  a simultaneous  withdrawal  of  contracting  impulse  through 
the  3rd  nerve  filaments  going  to  the  sphincter  and  stimulation  of  the 
dilating  impulse  along  the  sympathetic  to  the  dilator  muscle. 

Miosis'.  (1)  Iritis,  ulcers  and  abrasions  of  the  cornea  from  con- 
gestion of  the  iris  blood-vessels  and  reflex  sensory  irritation. 

(2)  Plethoric  states  of  the  brain,  as  in  acute  high  fevers,  acute 
meningitis  from  any  cause,  uremia,  alcoholism,  etc. 

(3)  Paralj'sis  of  the  s^^mpathetie  from  any  cause  be  it  central, 
intermediate  or  peripheral. 

(4)  From  certain  drug  influence  as  when  eserin,  phj^sostigmin, 
pilocarpin,  or  areeain  in  solution  is  dropped  in  the  e.ye. 

(5)  Poisons  inwardl.y,  as  opium  and  its  salts,  carbolic  acid,  creo- 
sote, alcohol  in  lethal  doses,  chloral  at  first,  jaborandi,  pilocarpin, 
muscarin,  etc. 

We  should  keep  clearly  in  mind  that  paralj'sis  of  the  sympathetic 
nerve  from  am'  cause  contracts  the  pupil  to  a pin  point  (spinal  mi- 
osis) and  that  paral.ysis  of  the  brain  causes  widely  dilated  and  fixed 
pupils;  while  stimulation  of  the  s^jinal  cord  causes  dilatation  and  stiiu- 
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Illation  of  the  brain  causes  contraction  of  the  pupil.  In  giving  gen- 
eral anesthetics  vve  must  decide  Avhethcr  the  sudden  dilatation  of  the 
pupil  sometimes  present  is  duel  to  spinal  irritation  from  gastric 
disturbance  or  whether  there  is  oncoming  paralysis  of  the  brain. 
Jn  suspected  poison-cases  we  must  decide  whether  the  contracted  pupil 
is  from  opium  or  from  uremia.  In  suspected  “drunks,”  whether  the 
contracted  pupil  is  from  alcohol  or  meningeal  irritation  due  to  apo- 
plexy, uremia  or  sunstroke.  We  must  look  at  the  pupils  in  .suspected 
acute  tuberculosis  or  pneumonia  of  one  lung  for  that  slight  dilata- 
tion that  is  a sign.  We  must  note  and  understand  the  hippus  in 
hysteria,  chorea  or  mania,  the  widely  dilated  pupils  due  to  increased 
brain  pressure  in  brain  tumors  or  brain  abscess,  the  dilated  pupil  on 
one  side  in  hemorrhage  in  one  hemisphere  of  the  brain,  the  Argyll- 
Kobertson  pupil  in  spinal  syphilis,  the  unequal,  deformed,  and  more 
or  less  fixed  pupils  in  general  paresis  or  cerebral  syphilis,  the  nor- 
mal pupils  in  sham  fits. 

The  behavior  of  the  pupils  in  health  and  disease  affords  a valuable 
and  interesting  study  to  any  one  who  understands  the  impulses  con- 
trolling the  phenomena  of  pupil  contraction,  expansion  and  rigidity. 


PUPILLARY  CONDITIONS  AND  ANOMALIES  NOTED  IN  ALPHABETICAL  ORDER. 

Accommodation,  Pupil  contraction  depending  on.  Hess  {Klin.  f. 
Augen.,  June,  1912,  p.  740),  is  satisfied  from  observation  on  patients 
and  from  tests  with  his  own  eyes  that  the  contraction  of  the  pupil 
in  near  vision  is  dependent  on  accommodation  effort  and  not  on  con- 
vergence. He  had  three  cases  of  right  third  nerve  palsy  in  each  of 
which  there  was  contraction  of  the  pupil  and  marked  increase  of 
accommodation  noted  (7  D.  in  one  case)  when  the  patient  fixed  at  the 
reading  distance  with  his  left  eye,  the  right  being  observed  behind  a 
shutter.  There  was  no  convergence  whatever  but  the  pupil  con- 
tracted during  the  test. 

He  tested  his  own  eyes  liy  means  of  a stereoscope  with  transparent 
pictures.  While  disa.ssoeiating  his  convergence  and  accommodation 
he  would  see  a distant  object  clearly  and  the  two  transparent  stereo- 
scopic pictures  in  a blurr  in  spite  of  their  being  comliined.  He 
would  then  accommodate,  not  changing  the  position  of  his  visual 
axes  and  he  .saw  the  stereoscopic  picture  clearly  while  the  distant  ob- 
ject was  in  a blur.  Two  observers  noted  his  pupils  contract  when 
using  his  accommodation  and  dilate  when  fixing  the  distant  object 
in  spite  of  the  fact  that  his  visual  axes  were  unchanged  in  both  acts. 

On  the  other  hand  Wlot/ka  (Pflueger’s  Arch.,  107.  2 and  4,  p.  175) 


10568 


PUPIL,  THE,  IN  HEALTH  AND  DISEASE 


investigated  to  determine  whether  contraction  of  the  pupil  is  brought 
about  by  the  effort  of  accommodation  and  found  quite  the  opposite 
phenomenon.  He  had  the  subject  focus  his  eyes  on  a disk  several 
meters  distant.  He  then  placed  a half-disk  to  intercept  each  visual 
axis  midway  between  the  eyes  and  the  distant  image  so  that  the  patient 
could  fuse  these  half-disks  binocularly.  By  looking  at  the  distant 
disk  and  the  half-disks  the  convergence  remained  the  same  but  the 
accommodation  on  fixing  and  fusing  the  half-disks  was  compelled  to 
act.  Observation  of  the  pupils  in  this  act  revealed  them  unaltered, 
therefore  he  maintains  that  the  accommodation  is  independent  of 
pupil  contraction. 

Accommodative  p^opillary  'movements.  Weidlich  (Knapp’s  Archiv. 
Ophth.,  November,  1907,  Vol.  XXXVl,  No.  6,  p.  819)  reviews  that 
part  of  physiologic  optics  which  deals  with  the  passage  of  rays  of 


The  upper  half  of  the  drawing  represents  the  pupillary  plane  placed  in  the 
principal  plane  of  the  reduced  eye.  The  bundle  of  light  from  A,  enclosed  by  the 
angle  BAH,  passes  through  the  upper  half  of  the  pupil  H B.  If  the  pupil  re- 
mained the  same  size  for  the  bundle  of  light  coming  from  D,  the  angle 
B D H > B A H.  If  D E is  made  parallel  to  A B,  however,  the  angle  E D H — 
BAH. 

The  lower  half  of  the  drawing  shows  that  with  a more  marked  curvature 
about  C'  as  a centre,  a shorter  arc  corresponds  to  the  same  angle  in  the  case  of 
the  less  marked  curvature  about  C as  a centre;  consequently  the  peripheral  ray 
P G is  refracted  more  strongly  to  J,  w'hereas  the  more  central  ray  P K is  not 
refracted  so  strongly  to  L. 

light  from  different  distances  through  the  pupil  that  is  dilated  and 
also  contracted,  proving  that  the  pupil  in  health  accommodates  the 
eye  to  different  distances  in  dispelling  spherical  aberration  and  dif- 
fusion circles.  He  uses  the  following  diagram  and  the  legend  (see 
fig.)  to  illustrate  the  well  known  fact  that  when  the  eye  is  focused 
on  the  near  point  the  anterior  surface  of  the  lens  represents  a sliarper 
curve  (changing  from  a 10  mm.  to  a 6 mm.  radius  curve)  and  that 
therefore  the  pupil  must  accommodate  tlie  eye  by  contracting  and 
cutting  off  the  spherical  aberration  to  permit  the  needed  increased 
acuity  of  vision.  Nature  has  so  arranged  this  mechanism  that  in 
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each  condition  of  the  dioptric  system  there  is  the  greatest  acuteness  of 
vision  elicited  with  sufficient  illumination. 

Acoria  or  congenital  absence  of  the  pupil,  is  due  to  some  fault  in 
the  usual  progi-am  followed  by  nature  in  the  formation  of  the  iris. 

The  vascular  sheath  of  the  lens  develops  in  the  early  weeks  of 
pregnancy  and  is  concerned  in  the  growth  of  the  lens.  The  iris 
“grows  in”  from  the  edge  of  the  optic  cup  at  the  sclero-corneal 
angle.  When  the  anterior  chamber  forms,  which  is  by  the  7th  or 
8th  month  of  pregnancy,  the  iris  is  completely  formed  and  the  pupil- 
lary membrane  has  completely  resorbed.  In  the  production  of  this 
rare  anomaly,  either  the  iris  continues  to  grow  till  it  meets  at  the 
center  leaving  no  pupil,  or  the  pupillary  membrane  from  the  per- 
sistent hyaloid  sheath  of  the  lens  completely  fills  the  gap  designed  for 
the  pupil.  In  the  former  case  there  is  true  acoria;  in  the  latter 
pseudo-acoria,  which  more  properly  belongs  to  the  discussion  of  forms 
of  congenital  cataract.  In  either  event  the  condition  is  exceedingly 
rare.  Associated  with  it  is  invariably  the  condition  known  as  mi- 
crophthalmia. 

Adaptation  of  pupillary  reflex  to  darkness.  Hess  {Arch,  of  Ophth., 
March,  1909,  Vol.  XXXVIII,  No.  2,  p.  140),  investigating  with  his 
pupilloscope  found  that  there  is  in  the  human  eye  an  adaptation  in 
the  dark  not  only  for  light  perception,  but  also  for  the  pupillary 
reflex.  He  noticed  that  a smaller  quantity  of  light  suffices  to  excite 
pupillary  contraction  in  an  eye  adapted  to  the  dark  than  in  one 
adapted  to  the  light.  He  took  advantage  of  this  fact  in  proving  his 
theory  that  only  the  central  part  of  the  retina  embraced  in  the  mac- 
ula and  adjacent  area,  and  possessing  a radius  of  not  more  than  3 mm., 
is  the  only  place  where  the  pupillomotor  fibers  exist.  His  tests  dem- 
onstrated that  when  the  same  volume  of  light  was  shifted  from  one 
portion  of  the  retina  to  another  away  from  this  area  there  was  in 
an  eye  adapted  to  the  dark  no  change  in  the  diameter  of  the  pupil. 
Moreover,  that  when  the  smallest  degree  of  light  strength  which 
would  excite  a pupillary  contraction  in  the  eye  adapted  to  dark  was 
cast  upon  the  parts  of  the  retina  not  possessing  pupillomotor  fibers, 
there  was  no  contraction  of  the  pupil. 

Hess  states  that  the  result  of  his  experiments  was  a surprise  to  him, 
for  he  had  undertaken  the  observations  with  the  idea  that  the  periph- 
eral retina  partook  in  the  production  of  the  pupillary  reaction  and  he 
had  perfected  the  apparatus  based  on  this  theory.  He  answers  the 
argument  of  the  advocates  of  the  theory  that  the  entire  retina 
possesses  pupillomotor  fibers  which  decrease  towards  the  periphery 
and  therefore  that  a point  of  strong  light  thrown  on  the  retina  will 
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show  the  same  amount  of  contraction  of  the  pupil  as  a weak  light  J 
on  the  macula,  by  stating  that  the  same  result  will  be  produced  even  j 

if  the  center  alone  is  pupillomotoric  because  of  the  diffused  light  i 

which  will  stimulate  the  motor  area  when  thrown  on  the  periphery  ih 
of  the  retina.  a 

Hess’  discovery  that  the  pupillomotor  fibers  only  exist  in  a small 
area  of  the  center  of  vision  affords  new  view-points  regarding  the 
behavior  of  the  pupil  in  certain  diseases.  (See  Piipillamotor  fibres, 
also  Threshold  value  and  Light  coefficient,  in  this  section.)  * 

Adrenilin,  The  action  of.  Weekers  (Arch.  cVophtalm.,  XXXI 1,  p.  I 
610),  reports  three  observations  of  a characteristic  reaction  of  the 
pupil  to  adrenalin  in  cases  where  the  sjnnpathetic  nerve  was  par- 
alyzed causing  miosis.  In  these  cases  cocain  drops  caused  little  or  no'  ■; 
dilatation  of  the  pupil  but  adrenalin  solution  dropped  in  the  eye 
caused  prompt  dilatation.  (See  Glycosuria  in  this  section.)  He  .j 
maintains  that  with  this  test  in  miosis  we  can  produce  a specific  I 
reaction  pathognomonic  of  a paraljdic  lesion  of  the  cervical  sym-  ^ 
pathetic  nerve  for  it  produces  a dilatation  of  the  pupil  only  in  cases 
Avhere  this  nerve  is  affected.  He  found  the  degree  of  dilatation  was  , 
proportionate  with  the  amount  of  paralysis  present.  - 

Lewandowsky  (Arch.  f.  Anat.  u.  Phys^iol.,  1899,  p.  360),  reports  ; 
that  intravenous  injection  of  adrenal  extract  caused  dilatation  of  the  • 
pupil  in  animals. 

Van  der  Scheer  (Neurolog.  Zentralh.,  1915,  17),  conducted  over  ; 
five  hundred  observations  to  note  the  effect  on  the  pupil  of  adrenalin  ' 
drops  in  the  eye.  It  has  been  claimed  that  adrenalin  produces  a : 
change  in  the  size  of  the  pupil,  either  causing  contraction  or  dilata- 
tion, in  patients  presenting  mental  disorders,  while  in  normal  persons 
it  produces  no  such  change.  He  finally  concluded  that  the  test  is  of 
no  diagnostic  value. 

Adrenilin,  The  synergetic-  acti/m  of,  in  combination  ivith  atropin. 
Erdmann  (Zeit.  f.  Aug.,  32,  1914,  p.  216),  experimented  on  rabbits 
using  adrenalin  solutions  subcon junctivally.  He  decided  adrenalin 
was  s.vnergetic  to  atropin  and  was  able  to  break  up  firm  adhesions  : 

at  the  pupil  margin  in  human  eyes  by  the  subconjunctival  injection 
of  adrenalin  with  atropin.  The  danger  of  causing  hemorrhages  in 
the  anterior  chamber  is  mentioned.  a 

Agitans  paralysis.  The  pupils  are  unaffected  in  size  or  reaction  in  -I 
paralysis  agitans.  J 

Albinism.  Fuchs  (Text  Book,  4th  Am.  Ed.,  p.  82),  explains  the  | 

luminous  shine  seen  in  albinos’  pupils.  “In  such  eyes  the  light  | 

passes  not  only  through  the  pupil,  but  also  through  the  unpigmented 


PUPIL,  THE,  IN  HEALTH  AND  DISEASE 


10571 


iris  and  even  through  the  sclerotic,  thus  the  whole  interior  of  the  eye 
is  flooded  with  light  and  there  being  no  pigment  to  absorb  this  light 
it  is  reflected  from  all  parts  of  the  fundus  of  the  eye  and  therefore, 
the  rays  from  dift’erent  portions  of  the  fundus  pass  out  of  the  puiDil 
in  every  direction  and  can  very  readily  be  caught  by  the  observer’s 
eye.”  Fuchs  proves  this  to  bo  the  correct  theory  by  holding  an 
opaque  screen  with  a perforation  the  size  of  the  pupil  in  front  of 
the  albino’s  eye.  By  this  test  it  is  observed  that  the  pupil  is  no 
longer  luminous  but  black  in  appearance. 

Lagleyze  (Arch.  d’Ophtalmolagie,  June,  1907),  made  a critical 
study  of  the  eyes  of  albinos  and  deducted  valuable  and  interesting 
data.  He  found  the  pupils  presented  the  following  conditions: 
“The  pupils  are  usually  small,  dilate  but  little  in  feeble  light  and 
react  regularly.  They  are  usually  displaced  inward  and  upward,  the 
shadow  of  the  brow  and  bridge  of  the  nose  causing  an  unequal  con- 
. traction  of  the  sphincters. 

Libbey  (Ann.  Oplitlial.,  April,  1910),  used  eserin  and  atropin  in 
cases  of  complete  albinism  and  found  that  the  former  caused  con- 
traction of  the  pupil  to  1.5  mm.  and  the  latter  caused  dilatation  to 
6 mm.  Most  interesting  was  the  observation  of  the  diameter  of  the 
lens  as  seen  through  the  transparent  iris  in  a dark  room.  In  eserin 
the  diameter  measured  8 mm.  and  in  atropin  it  measured  10  mm. 

Albutninuric  retinitis  of  pregnancy.  While  in  this  disease  there  is 
a condition  similar  to  that  found  in  uremia  the  pupils  are  usually  seen 
to  be  somewhat  dilated,  which  is  just  the  opposite  to  what  we  find  in 
uremia.  The  explanation  of  this  must  be  that  the  vision  in  albu- 
minuric retinitis  of  pregnancy  is  so  impaired  that  the  stimulus  of  the 
light  is  lost  on  a sodden  retina. 

Alcoholism.  Nonne  (Neurolog.  ZentraTbl.,  1912,  No.  1)  saw  clearly 
defined  reflex  immobility  of  the  pupil  with  slight  mydriasis  in  an  al- 
coholic fifty-one  years  old.  The  man  had  neither  syphilis  nor  tabes, 
and  Nonne  holds  that  the  pupillary  phenomenon  obseiwed  in  this  case, 
which  was  undoubtedly  due  to  toxic  influence,  was  extremely  rare. 

Minck  found  miosis  in  delirium  tremens  during  the  maniacal,  and 
mydriasis  during  the  terminal  phase.  Others  have  noticed  pupil 
irregularities  mostly  anisocoria. 

Brunton  (Ih'it.  Med.  Jonr.,  December  1st,  1900)  stated  that  in  a 
case  of  alcoholic  neuritis  involving  the  trigeminus  the  pupil  reflex  to 
light  was  just  the  reverse  of  that  noted  in  the  Argyll-Robertsou  phe- 
nomenon. When  te.sting  with  the  light  the  pupil  responded  rapidly 
atid  fully,  but  contraction  to  accommodation  was  sluggish  or  entirely 
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wanting.  In  one  of  the  two  cases,  he  observed  dilatation  instead 
of  contraction  during  the  effort  of  accoinmodation. 

Scherwinzky  (Arch.  f.  Ophth.,  87,  p.  135)  reports  the  case  of  a 
heavy  drinker  who  imbibed  methyl  alcohol,  producing  blindness.  In 
this  case  the  pupils  were  extremely  narrow  and  did  not  react  to  light. 
This  is  contrary  to  the  usual  observation  in  cases  of  this  kind.  We 
usually  find  the  pupils  dilated  widely  and  associated  with  acute 
atrophy  of  the  optic  nerve,  but  Scherwinzky ’s  case  presented  symp- 
toms of  uremic  poisoning  as  well,  and  here  we  have  the  overwhelming 
effect  of  the  latter  producing  the  contracted  pupils.  One  must  always 
be  watchful  for  causes  producing  atypical  pupils. 

Mees  (MuencTi.  med.  Wochensch.,  1913,  No.  14,  p.  721)  saw  a patient 
with  multiple  neuritis  from  alcohol  in  whom  both  pupils  were  im- 
mobile and  much  contracted.  After  he  recovered  from  the  alcoholism 
the  pupils  became  normal. 

Ammurotic  family  idiocy.  In  this  disease,  which  occurs  among  in- 
fants appearing  normal  at  birth,  but  Avhich  in  the  early  months  of  life 
begin  to  show  signs  of  blindness  and  on-coming  idiocy,  it  is  a remark- 
able fact  that  the  pupils  appear  normal  in  size  and  reaction  in  nearly 
all  of  the  cases.  The  optic  nerves  may  be  quite  atrophied,  the  fundus 
presenting  the  unmistakable  signs  of  the  disease,  blindness  may  be 
nearly,  if  not  entirely  complete,  but  the  pupils  usually  are  small 
(which  is  the  case  in  normal  infants)  and  respond  when  light  is  flashed 
in  the  eyes.  This  was  true  in  cases  reported  by  Magnus,  II.  Knapp, 
Sachs,  Hirschberg,  Kingdon  and  others  (see  Arch,  of  Ophth.,  No- 
vember 1900,  Vol.  XXIX,  No.  6,  pp.  602-617).  However,  in  a case 
reported  by  Verhoeff  (Arch,  of  Ophth.,  March  1909)  the  pupils  were 
large  and  reacted  to  the  light. 

Amplitude  in  convergence.  Bach  (Zeit.  f.  Aiigenh.,  XII  6,  p.  725), 
observed  that  the  amplitude  of  the  convergence  reaction  of  the  pupil 
ranges  from  1/4  mm.  to  % inm.  It  is  well-marked  in  the  Arg}dl-Rob- 
ertson  pupil  and  may  persist  in  cases  with  almost  complete  accommo- 
dative paralysis. 

Amyotrophic  lateral  sclerosis.  This  progressive  disease  involves 
the  anterior  horns  of  the  spinal  cord  and  finally  reaches  the  different 
nuclei  in  the  medulla  and  pons,  giving  rise  to  bulbar  symptoms.  If 
the  dilator  pupillm  center  is  involved  we  have  miosis  Avith  retained 
a.ssociate  reaction.  The  pupils  are  often  unequal  in  size.  The  phe- 
nomena are  explained  by  involvement  of  the  cervical  sympathetic 
nerves. 

Anesthesia,  General.  E.  R.  Northrop  (North-west  Medicine,  April, 
1906),  states  the  pupillary  reaction  is  the  best  guide  as  to  the  patient’s 
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condition  while  under  the  effect  of  an  anesthetic.  A rapidly  dilating 
pupil  is  a signal  of  danger  and  a fixed,  dilated  pupil  extreme  danger. 
A contracted  immobile  pupil  usually  means  safe  surgical  anesthesia. 
Oscillation  of  the  pupil  means  diminished  narcosis.  Sometimes  the 
pupil  dilates  when  painful  parts  are  manipulated  while  the  patient  is 
fully  under  the  anesthesia.  (See  Semory  reflex  in  this  section.)  In 
the  beginning  stages  of  anesthesia  the  pupils  are  usually  somewhat 
dilated  but  they  respond  well  to  the  light,  as  the  anesthetic  is  pushed 
the  pupils  contract  more  and  more  and  react  less  and  less  until  they 
finally  become  well  contracted  and  fixed — as  the  anesthetic  wears  off 
the  pupils  gradually  return  through  the  same  series  of  changes  re- 
versed, or  they  dilate  suddenly  when  the  patient  struggles  or  begins 
to  retch. 

The  contracted  pupil  is  the  safe  pupil  in  anesthesia,  and  if  the  pupil 
still  responds  when  the  other  reflexes  are  absent  we  may  know  that 
the  patient  is  not  profoundly  anesthetized. 

When  chloroform  is  being  used  I have  seen  the  pupil  dilate  in 
primary  anesthesia,  either  from  the  overwhelming  effect  of  the  drug 
on  the  vital  centers  of  the  brain,  or  a syncope  from  sheer  fright  on 
the  part  of  the  patient. 

Parsons,  of  Denver  (A.  W.  Medicine,  March,  1911),  rennarks  that 
the  pupil  should  be  contracted  during  the  third  stage  of  surgical  anes- 
thesia. There  is,  however,  a stage  of  false  anesthesia  in  which  the 
pupils  are  minutely  contracted  (1.0  mm.)  and  yet  the  patient  is 
not  unconscious.  This  finding  is  particularly  frequent  among  infants 
and  children.  I have  noticed  it  also  in  the  primary  stage  of  anes- 
thesia where  chloroform  is  used.  There  is  a short  stage  of  complete 
anesthesia  similar  to  that  produced  by  nitrous  oxide  soon  after  the 
chloroform  mask  is  applied ; during  this  stage  the  pupils  are  quite 
contracted. 

Parsons  wisely  states  that  the  anesthetist  should  know  whether  the 
dilated  pupil  during  anesthesia  is  of  reflex  or  paralytic  origin.  If 
reflex  dilation  is  present,  we  are  to  understand  that  there  is  irritation 
of  the  cervical  sympathetic  nerve  from  gastric  influence  for  it  is 
noticed  just  before  an  attack  of  vomiting.  If  there  is  paralytic  dila- 
tation the  narcosis  is  too  profound  and  death  is  dangerously  near. 
Parsons  offered  the  following  differential  table ; 

Reflex  dilatation : Pupil  is  bright,  mobile,  liquid,  likelife.  Paralytic 
dilatation;  Pupil  is  dull,  sluggish,  immobile,  death-like.  Reflex  dila- 
tation: The  pupil  reacts  to  light.  Paralytic  dilatation:  There  is  no 
reaction  to  light. 

The  anesthetist  must  judge  the  patient’s  condition  from  other 
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symptoms  as  well.  The  pallor  of  the  patient’s  face  and  lips,  together  I 
with  a death-like  stare  in  paralysis  of  the  brain  declares  a patient  to 
be  dead  from  the  anesthetic. 

Anesthetics,  Local,  that  have  no  effect  on  the  pupil.  It  is  well  ^ 

known  holocain  in  one  per  cent,  solution  is  a powerful  anesthetic  of  \ 

speedy  action  since  it  causes  more  or  less  anesthesia  of  the  cornea  in 
from  one  to  three  minutes  and  does  not  affect  the  size  or  behavior  of  . 1 
the  pupil.  ^ 

Alypin  in  4 per  cent,  solution  has  been  used  as  a local  anesthetic  j 
in  ophthalmic  practice  and  it  does  not  cause  dilatation  of  the  pupil.  ^ 
Anatomy  of  the  atropinized  and  eserinized  human  eye.  Lange 
{Ophth.  Soc.  Trans.,  Lower  Saxony,  Hanover,  May  16,  1909),  placed  i 
the  eyes  of  a newly-born  infant  quickly  enucleated  after  death,  one  in  f 
warm  5 per  cent,  solution  of  atropin,  the  other  in  a similar  solution  ? 
of  eserin.  Marked  mydriasis  soon  after  took  place  in  the  one  and 
marked  miosis  in  the  other.  These  eyes  were  hardened  and  sectioned. 

In  the  atropinized  eye  the  pupil  measured  6 mm.  the  iris  root  was  j 
thickened,  the  angle  of  the  anterior  chamber  was  narrowed  and  the  i 
lamellffi  of  the  ligamentum  pectinatum  were  closely  crowded,  the  J 
spaces  between  them  being  scarcely  visible.  J 

The  same  section  of  the  eserinized  eye  showed  the  pupil  to  be  3 mm.  '» 
in  diameter,  the  root  of  the  iris  thinned,  the  angle  of  the  anterior  '5 
chamber  wide  and  the  lamellae  of  the  ligamentum  pectinatum  sep-  X 
arated,  the  spaces  between  them  being  very  wide.  These  observations 
prove  be3mnd  doubt  the  baleful  effect  of  mydriatics  in  e^^es  that  are 
disposed  to  glaucoma  and  at  the  same  time  prove  the  beneficent  effect  * 
of  myotics  in  cases  of  glaucoma-.storms,  threatening  and  estaldished.  S 
(See  Death-experiments  with  atropin  and  eserin,  also  Tension  in- 
ft  lienee  in  this  section.)  « 

Anatomy  of  the  fdtration  angle  of  the  eyes.  Thomson  (Ophthal- 
^moscope,  September,  1910),  demonstrated  that  there  is  a well-marked  f 
recess,  like  a groove,  on  the  corneal  side  of  the  filtration  angle  in  the  % 
normal  functionating  human  e.ye.  When  the  pupil  dilates  this  gi’oove 
receives  the  thickened  iris  and  when  the  pupil  contracts  it  is  obliter-  j 
ated  by  traction  exerted  by  the  iris.  This  anatomical  and  phj^siolog-  i 
ieal  arrangement  assists  the  circulation  of  the  aqueous  at  the  angle 
of  the  anterior  chamber.  (See  Musculature  in  this  section.) 

Anemia,  pernicious.  In  pernicious  anemia  there  is  degeneration  of 
the  posterior  and  lateral  columns  in  the  spinal  cord,  which  may  also 
extend  to  the  anterior  part  of  the  cord.  The  pupils  are  usually  un- 
equal in  the  terminal  phase  of  the  disease.  When  the  cervical  sym- 
pathetic is  affected  we  find  bilateral  ptosis  and  marked  miosis.  In  a 
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few  cases  dilated  and  fixed  pnpils  have  been  reported  (de  Schweinitz). 
In  these  cases  optic  neuritis  and  blindness  had  set  in,  hence  the  dilated 
pupils. 

Aiigiosclo'osis  and  liypcrtensiou.  In  the  aged  possessing  high  sys- 
tematic blood  pressure  the  pupil  is  found  to  be  somewhat  contracted, 
certainly  much  smaller  than  in  middle  life  and  it  responds  somewhat 
feebly  to  the  light.  The  patients  may  have  normal  vision,  in  fact 
increased  acuity  on  account  of  the  small  pupil  cutting  off  the  circles 
of  diffusion.  I have  seen  instances  of  this  kind  where  the  patient  past 
sixty  3’ears  of  age  was  able  to  see  20/20  and  also  read  Ja.  No.  1 at 
thirteen  inches  without  the  aid  of  lenses.  The  condition  should  be 
diagnosed  an  abnormal  one  and  the  suspicion  of  impending  cerebral 
apoplexy,  or  apoplectiform  retinitis,  should  arise.  These  eyes  are 
not  good  to  operate  on  for  cataract  on  account  of  the  danger  of  an 
expulsive  hemorrhage  from  the  friable  choroidal  vessels.  (See  Wiener 
and  Wolf 'tier’s  reaction  in  this  section.) 

Hirsch  states  that  in  arterio-sclerosis  the  shape  of  the  pupil  may 
become  slightly  changed.  It  may  be  oval  instead  of  circular,  or  show 
some  other  irregidarity  of  its  circumference.  (Posey  and  Spiller, 
The  Eije  and  Nervous  System,  p.  466.) 

A'iienrism  of  the  orbit,  Aneurism  of  the  cavernous  sinus.  Pulsating 
proptosis.  In  the  cavernous  sinus  the  third  nerve  anastomoses  with 
the  sympathetic  and  also  with  the  supraorbital  branch  of  the  fifth 
nerve.  Hence,  aneurism  of  the  cavernous  sinus  is  usually  associated 
with  paral.ysis  of  the  sphincter  pupillae,  causing  dilated  pupil.  There 
is  an  interesting  ocular  paralytic  syndrome  associated  with  this 
disease  but  our  present  theme  is  only  concerned  with  the  study  of 
the  pupil.  In  a case  cured  by  ligation  of  the  common  carotid  there 
still  persists  mydriasis  which  is  the  only  ophthalmic  symptom  now 
present,  the  cure  otherwise  being  complete.  This  would  seem  to  argue 
tlie  excessive  vulnerability  of  this  strand  of  nerve  fibers  as  compared 
with  other  brandies  of  the  third,  for  the  strabismus,  ptosis,  and 
ophthalmoplegia  have  all  disappeared. 

However,  Belt  {Arch,  of  Ophth.,  July,  1901,  Vol.  XXX,  No.  6,  p. 
391),  reports  a ease  of  pulsating  exophthalmos  in  which  the  pupil  was 
contracted  when  examined  some  24  hours  after  the  onset.  A physi- 
cian who  examined  the  patient  only  a few  hours  before  the  onset,  re- 
ported that  the  pupil  was  contracted  at  that  time.  Two  days  later  the 
pupil  was  still  contracted  in  spite  of  the  fact  that  the  eye  was  blind. 

Aniridia  implies  congenital  absence  of  the  iris  in  contradistinction 
to  irideremia,  which  is  acejuired  absence  of  the  iris,  a post-traumatic 
state  which  will  be  explained  later  on.  Collins  and  Mayou,  in  their 
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text  book  on  Pathology  and  Bacteriology  of  the  Eye,  state  “Appar- 
ent entire  absence  of  the  iris  is  always  a bilateral  affection.” 

There  are  two  forms  recognized,  viz.,  (a)  coanplete  ajid  (b)  partial 
aniridia.  The  former  is  more  often  apparent  than  real  for  if  section 
be  made  through  an  eye  that  appeared  to  possess  complete  aniridia, 
apron-like  vestiges  of  iris,  expressed  in  nodules  or  crescentic  strips 
will  usually  be  found  projecting  a short  distance  from  the  ciliary  at- 
tachment of  the  iris  root.  They  are  often  feebly  expressed  and  so 
rudimentary  that  the  most  careful  examination  by  the  refined  later- 
day  methods  in  vivo  wall  fail  to  reveal  the  presence  of  iris  vestiges. 

In  complete  congenital  aniridia  the  pupil  occupies  the  whole  of  the 
corneal  area.  Congenital  absence  of  the  iris  presents  an  interesting 
study  in  embryology  and  physiology,  for  in  the  first  place  we  usually 
find  other  signs  of  imperfect  architecture  of  the  eye,  such  as  rudi- 
mentary lenses,  congenital  absence  of  the  macula  lutea  (so-called 

congenital  amblyopia”),  one  or  another  of  the  various  forms  of  con- 
genital cataract,  etc.,  and  in  the  second  place  the  pupillary  light 
refiex  arc  which  in  normal  states  is  constant  and  which  has  an  inter- 
esting association  with  ciliary  action,  is  non-functionating.  It  has  not 
been  proven  that  the  centripetal  and  centrifugal  pupillary  fibers 
which  run  from  the  retina  to  the  pupil  center  in  the  corpora  quadri- 
gemina,  and  thence  back  again  to  the  iris,  are  absent,  but  if  present 
they  cannot  functionate  for  there  is  no  iris  sphincter  present  to 
respond. 

Collins  and  Mayou  (1.  c.)  state  that  the  predisposition  to  chronic 
glaucoma  noticed  in  cases  of  congenital  aniridia  is  explained  by  the 
fact  that  “the  angle  of  the  anterior  chamber  appears  imperfectly 
opened  up,  adhesions  stretching  across  it  between  the  dwarfed  iris  and 
cornea.  ’ ’ 

When  one  considers  how  the  pupil  is  formed  embryologieally,  by 
an  ingrowing  of  the  edge  of  the  optic  cup  at  a certain  stage  of  oeu- 
lai  development,  he  wonders  that  congenital  pupillary  anomalies  are 
not  more  commonly  met  with.  The  iris  does  not  begin  to  gi'ow  until 
after  the  lens  is  ensheathed  with  the  hyaloid  vascular  membrane,  at 
M^hich  time  it  is  in  contact  with  the  forming  cornea.  The  edge  of  the 
secondary  optic  vesicle  must  now  force  itself  between  the  fibro-vascu- 
lar  sheath  and  the  lens.  The  branches  of  the  ciliary  vessels  which 
anastomose  with,  the  branches  of  the  hyaloid  to  form  the  anterior 
vascular  sheath  of  the  lens  afford  certain  resistance  to  the  ingrowing 
of  the  edge  of  the  optic  cup  to  form  the  iris  and  it  is  curious  thab 
the  atrophy  and  resorption  of  these  blood  vessels  should  be  so  well 
timed  with  the  advance  of  the  iris-forming  cells.  If  there  are  adhe- 
sions, e.  g.,  between  cornea  and  lens  or  between  the  edge  of  the  posterior 


PUPIL,  THE,  IN  HEALTH  AND  DISEASE 


10577 


% 


vascular  sheath  and  tlie  periphery  of  the  cornea,  there  would  be  of- 
fered a resistance  to  iris  development  at  such  places.  This  will  account 
for  the  eases  of  partial  aniridia,  atypically  placed  colobomata  of  the 
^ iris  with  the  resultant  corectopia,  discoria,  or  if  i-enuion  of  the  arms 
^ of  the  eoloboma  takes  place  beyond  the  adhesion  al)ove  referred  to,  the 
. polycoria.  In  all  of  these  we  note  the  pig'inent  layer  of  the  iris  is 
corrugated  and  extends  quite  around  the  edge  of  the  nodule  repre- 
^ senting  the  undeveloped  part  of  the  iris,  thus  producing  the  so- 
p called  “ectropion  of  the  uveal  pigment.” 

5 A case  of  aniridia  was  reported  by  Williams  before  the  Chicago 
B Ophth.  Society,  April  12,  1909.  It  was  in  a girl  of  nine  who  had 

% microphthalmus  and  a high  degi’ee  of  amblyopia  and  congenital  cat- 

J aracts.  Attempts  were  made  to  supply  her  with  crossed  stenopaic 
§ slits  mounted  in  spectacle  frames  and  combined  with  myopic  lenses. 
^ This  arrangement  brought  the  vision  up  to  marked  improvement  and 
I entirely  controlled  the  photophobia. 

t John  Greene,  Jr.  {Ophth.  Record,  April,  1909,  Vol.  XVII,  No.  4), 
K reported  a case  of  congenital  aniridia.  There  was  no  “pupil”  in 
fc  either  eye,  or  the  eye  showed  “all  pupil.”  In  the  discussion  Saxl 

I stated  he  had  seen  two  such  cases.  Cataract  was  present  in  all  cases 

i observed. 

i Holloway  {Ophth.  Record,  September,  1913),  reported  a case  of 

* complete  bilateral  congenital  absence  of  the  iris  associated  with  ecto- 
pia lentis. 

• 

I Juler,  of  London,  found  after  removing  the  eye  for  glaucoma, 

1 which  had  developed  in  a case  of  congenital  aniridia,  that  there  was 
I a ring  of  iris  at  the  extreme  periphery  which  had  caused  blocking 
''  of  the  angle. 

' The  literature  is  well  supplied  with  reported  cases  of  this  affection, 

Iso  that  it  is  not  uncommon. 

^ Awiridia,  Co^nplete  traumatic.  Irideremia  totalis.  Complete  trau- 
inatie  aniridia  has  been  observed  many  times  but  there  is  often  a 
vestige  of  iris  at  the  root  which  is  hidden  behind  the  margin  of  the 
cornea.  The  vision  may  remain  permanently  good,  or  glaucoma  may 
p supervene,  which  is  the  usual  program. 

tit  is  a curious  fact  noted  by  Faith,  of  Chicago,  that  cases  of  com- 
plete traumatic  aniridia  in  which  glaucoma  developed  as  a clinical 
\ symptom,  the  same  was  relieved  by  the  application  of  eserin  drops. 

J Since  the  benefit  following  the  myotic  remedy  in  this  disease  is  ascribed 

fto  the  contraction  of  the  iris  sphincter  it  is  inharnnonious  with  that 
theory  to  have  the  tenson  of  the  eye  reduced  by  the  use  of  eserin 
^ drops  where  no  iris  sphincter  exists. 
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In  an  unreported  case  of  traumatic  aniridia  (irideremia)  which 
occurred  in  the  practice  of  the  writer,  the  young  man  (age  30)  pre- 
sented complete  absence  of  the  iris  and  there  has  been  no  glaucoma 
in  evidence  after  six  years’  time.  The  patient  has  normal  vision, 
normal  fields  and  normal  accommodation  in  this  (his  right)  eye,  and 
he  has  suffered  no  inconvenience  from  the  accident  whatever;  there 
is  no  photophobia  and  no  aberration  present.  The  red  reflex  test  is 
most  striking  as  it  occupies  the  entire  cornea.  The  following  notes 
were  taken : ‘ ‘ By  using  the  red  reflex  test  and  having  the  patient 
direct  his  eyes  at  infinity,  the  dark  line  representing  the  periphery  of 
the  crystalline  lens  can  be  discerned  and  a bright  zone  bejmnd  this 
which  represents  the  circumlental  space  occupied  by  the  transparent 
suspensory'  ligament.  By  having  the  patient  accommodate  on  an 
object  suddenly  held  at  the  reading  distance,  while  the  observer  still 
maintains  the  red  reflex  with  his  attention  centered  on  the  lens  per- 
iphery, he  will  see  the  contraction  of  the  circumference  of  the  lens 
and  the  shifting  of  the  circumlental  space,  thus  positively  demon- 
strating the  truth  of  the  theory  that  the  sphincter  ciliary  contracts 
in  the  effort  of  accommodation  and  that  the  horizontal  diameter  of  the 
lens  decreases  and  the  sagittal  diameter  increases.” 

It  would  be  presumed  that  patients  having  congenital  aniridia 
would  suffer  from  dazzling  but  such  is  the  adaptability  of  the  eye 
in  states  of  health  that  these  patients  are  not  in  ordinary  light  an- 
noyed by'  photophobia.  Tbey^  usually  have,  however,  a frowning  ex- 
pression, or  what  is  miscalled  in  common  parlance  “squinty  habit,” 
wbich  is  not  so  much  due  to  the  irritation  of  the  light  (as  would  be 
conjectured)  as  a desire  to  clear  the  circles  of  diffusion  on  the  retina 
thus  increasing  the  visual  acuity^  If  such  patients  be  instructed  to 
open  their  eyes  widely  while  the  strongest  light  is  directed  in  the  eye 
with  the  ophthalmoscopic  mirror  they  can  do  so  with  impunity  and 
with  no  apparent  synnptoms  of  photophobia.  (See  Rupture  of  the  iris 
in  this  section.) 

Anisocoria.  Significance  of  pupillary  inequality.  Ilansell  {Oph- 
tlwlmology,  Jan.,  1908),  states  that  inequality  in  the  size- of  the  pupils 
may  be  normal  or  may  exist  from  the  following  causas:  (a)  paralysis 
or  paresis  of  one  sphincter  pupillae  supplied  by  the  third  nerve,  caus- 
ing monocular  my'driasis,  or  (b)  paralysis  or  paresis  of  one  dilator 
pupilljB  supplied  by  the  sympathetic,  causing  monocular  miosis.  The 
anisocoria  may  be  due  directly  to  intra-ocular  disease,  e.  g.,  glaucoma, 
iritis,  atrophy  of  the  retina,  detachment  of  the  retina,  etc.,  and  in 
this  instance  the  finding  does  not  enter  into  the  study  of  the  signifi- 
cance of  the  syunpto'm  as  a diagnostic  feature  in  constitutional  disease. 
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Inequalities  of  the  pupils  are  present  in  so  many  diseases  of  the 
cerebro-spinal  and  eireulatory  systems  that,  taken  alone,  they  are 
of  doubtful  value.  JMoreover,  many  functional  diseases  (neurasthenia, 
hysteria)  and  many  neuroses  and  psychoses,  as  well  as  some  intoxica- 
tion states,  present  the  symptom  in  common  so  that  the  cause  in  each 
instance  must  be  sought  for  by  the  presence  of  other  symptoms,  just 
as  is  true  in  the  case  of  fever  which  is  a symptom  of  so  many  varied 
and  diverse  diseases  that  taken  alone  it  presents  no  localizing  or  diag- 
nostic features, 

Hansell  states  that  pupillary  inequalities  have  always  been  re- 
garded with  suspicion  of  some  grave  affection  of  the  central  nervous 
system  presenting  a serious  prognosis,  but  that  after  investigation  he 
has  now  come  to  the  conclusion  that  no  such  sinister  conclusion  from 
the  sjTnptom  should  be  drawn.  In  the  first  place  the  investigations 
of  Schaumann  {Zeit.  f.  Augen.  Klin.  Med.,  49,  p.  61),  show  that 
among  healthy  children  of  the  public  schools,  and  also  among  med- 
ical students,  anisocoria  was  found  to  be  present  in  frequency  varying 
from  4 to  10  per  cent.  Ivanow  claims  to  have  found  it  in  91  per  cent, 
of  134  normal  persons  and  Felton  in  28  out  of  61  individuals.  The 
marked  difference  of  opinion  of  observers  on  this  point  is  to  be  ex- 
plained by  the  different  methods  of  examination  and  the  equations 
of  the  examiners.  Paralytic  mydriasis  of  one  pupil  is  not,  however, 
to  be  classed  as  a normal  state  for  it  usually  implies  paralysis  of  the 
filament  of  the  third  nerve  supplying  the  sphincter  pupillae.  The 
lesion  may  be  central,  intermediate  or  peripheral.  Each  ease  must  be 
studied  and  other  symptoms  carefully  gone  over  in  order  to  make  a 
definite  diagnosis.  In  some  eases  it  is  a symptom  of  irritation  of  the 
dilator  pupillfe,  as  when  the  causative  lesion  exists  in  the  neck  con- 
tiguous to  the  strands  of  the  sympathetic,  e.  g.,  enlai'ged  glands, 
aneurism  of  the  carotid  whereby  the  carotid  plexus  or  cervical  ganglia 
or  nerves  are  irritated.  In  many  internal  diseases  monocular  mydri- 
asis may  be  noticed  as  a symptom.  Schaumann  {Berl.  Klin.  Work- 
emch.,  34,  1897),  estimates  23  per  cent,  of  all  internal  diseases  at 
some  time  in  theii'  courses  give  rise  to  the  symptoin.  He  meutions 
lung  affections,  pleuritis,  cardiac  disea.se,  chorosis,  pernicious  anemia, 
appendicitis,  diabetes,  neurasthenia  and  hysteria.  There  is  one  grave 
disease  in  which  a partially  dilated  and  slightly  sluggish  ])upil  is 
a rather  constant  symptom  and  that  is  paresis.  (See  elsewhere  in  this 
section.) 

Anisocoria  (vnd  anisometropia,  The  relation  hetween.  Some  have 
maintained  that  in  anisometropia  the  pupil  is  wider  in  the  more  defec- 
tive eye,  but  Frenkel,  as  well  as  Each,  maintains  that  there  is  no 
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definite  relationship  and  that  tliey  have  observed  no  difference  in  the 
size  of  the  pupils  in  anisometropia,  and  moreover  that  when  dif- 
ferences have  been  noticed,  the  wider  pupil  is  just  as  frequently  on 
the  less  defective  side.  (See  InequalUy  of  the  pupils  this  section.) 

Aimocoi'ia.  Schaumann  examined  1,168  patients  as  regards  inequal- 
ity of  the  pupils  and  found  27.9  per  cent.,  and  in  another  series  of 
723  patients  37.8  per  cent.,  presented  anisocoria;  males  and  females 
were  about  equally  affected.  The  left  pupil  was  more  often  the  larger. 
Inequality  of  the  pupils  wa.s  noted  more  often  among  patients  af- 
fected with  some  form  of  neurosis  than  among  those  presenting  evi- 
dence of  bodily  disease  apart  from  the  nervous  system.  In  some  no 
evidence  of  disease  of  any  kind  could  be  traced  and  in  these  the  ani- 
socorise  were  regarded  as  being  physiological  anomalies.  One  must 
therefore  distinguish  between  the  symptomatic  and  the  idiopathic 
forms  of  anisocoria.  The  “see-saw”  pupils  that  Schaumann  had 
observed  were  present  in  eleven  of  his  cases  and  he  regarded  them  all 
to  be  the  subjects  of  hysteria. 

Aortic  aneurysm.  Babinski  {Bull,  de  la  soc.  de  Paris,  November 
8,  1901),  reports  two  cases  of  unequal  pupils  iu  cases  of  aortic  aneu- 
r3^sm  which  he  thought  were  not  to  be  explained  by  the  generally 
presumed  compression  of  the  sympathetic.  Both  patients  had  the 
Argyll-Robertson  phenomenon  and  he  therefore  concluded  that  the 
pupils  in  these  cases  of  aneurysm  were  due  to  s.vphilis  rather  than  to 
any  influence  produced  by  the  aneurism.  (See  Pupil  reflexes  in 
mitral  cardio-pathies  in  this  section.) 

Anthropometry.  Poliak  {Wien.  Med.  Wochensch.,  Sept.  16,  1899), 
discussing  the  value  of  records  of  ocular  peculiarities  in  the  identifi- 
cation of  criminals  according  to  the  Bertillon  system,  states  the  pupil- 
lary distance  becomes  a valuable  means  of  identification.  He  recom- 
mends that  measurements  be  made  from  the  center  of  the  nasal  bridge 
to  the  center  of  each  pupil.  The  pupillary  distance  bears  a certain 
relation  to  the  breadth  of  the  skull. 

Argyll-Bohertson  pupils  in  tabes.  The  so-called  “Argyll-Robert- 
son pupils”  are  very  characteristic  if  not  pathognomonic  of  tabes, 
and  they  make  their  appearance  in  advance  of  any  and  all  other  symp- 
toms of  this  disease.  Sometimes  the  pupil  will  show  unmistakable 
signs  of  tabes  several  years  in  advance  of  the  other  s^miptoms.  It 
is  important  therefore  for  the  ophthalmologist  to  understand  the  pupil 
behavior  in  this  disease  for  he  is  very  often  able  to  make  a positive 
diagnosis  far  in  advance  of  the  actual  development  of  the  disease. 
It  is  unwise,  however,  to  acquaint  the  patient  of  the  fate  which  awaits 
him,  for  merciful  reasons,  if  for  no  others.  When  a cure  for  the 
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disease  is  discovered,  the  ophthalmologist  will  occupy  a position  of 
great  value  in  relation  to  the  welfare  of  the  patient  who  exhibits  the 
unmistakable  pupil  sjmiptoms  of  tabes ; as  it  is  at  the  present  time, 
however,  much  harm  and  unhappiness  results  from  informing  the 
patient  that  lie  is  a marked  tabetic.  Argyll-Robertson  first  called 
attention  to  the  peculiar  behavior  of  the  pupil  in  tabes  dorsalis.  He 
noted  that  in  this  disease  tlie  pupils  were  contracted  and  did  not  re- 
spond to  light,  but  that  no  matter  how  gi*eat  the  miosis  was  that 
there  was  further  contraction  when  the  patient  employed  the  effort 
of  convergence  and  accommodation.  It  is  by  many  believed  that  the 
miosis  is  caused  by  paralysis  of  the  dilator  pupillffi  muscle  through 
degeneration  of  the  cervical  sympathetic  nerves  at  their  origin  in  the 
spinal  cord.  Babinski  mentions  two  patients  who  had  Argyll-Rob- 
ertson’s  pupils  in  whom  it  was  demonstrated  that  while  the  phenom- 
enon was  positive  to  the  ordinary  tests,  if  the  C3^es  were  bandaged  for 
half  an  hour  and  the  test  repeated  the  pupils  responded  nicely.  Babiu- 
ski  explained  this  by  assuming  a retinal  reaction. 

While  the  majority  of  cases  of  tabes  show  contracted  pupils  with 
absent  direct  reaction  and  retained  associated  reaction  throughout 
the  course  of  the  disease,  cases  have  been  noted  in  which  the  pupils 
were  normal  except  during  the  gastric  crisis,  when  the  Argyll-Rob- 
ertson  phenomena  were  noted.  Other  cases  have  been  reported  in 
which  the  typical  pupils  were  manifested  intermittentlj^  The  symp- 
tom is  more  manifest  in  confirmed  and  well  established  cases  than  in 
incipient  ones.  In  the  former,  studied  by  Dillman,  Argyll-Robertson 
pupils  were  present  in  76  per  cent.,  while  in  the  latter,  23.7  per  cent, 
of  cases.  Other  observers  found  over  80  per  cent,  of  cases  of  tabes 
with  Argyll-Robertson  pupils,  while  Pearce  in  a series  of  one  hun- 
dred and  fifty  cases  found  the  symptoms  established  in  96  per  cent. 
Other  observers  (Riley  and  Vaughn)  found  it  present  in  only  46  per 
cent,  and  40  per  cent,  respective!}''.  The  critical  observer  with  a loupe 
may  discover  a quick  response  to  light  while  the  average  observer 
will  not  discover  such  effect;  moreover,  the  patient  on  having  his  eye 
suddenly  uncovered  may  exert  his  accommodation  and  this  is  met 
with  response  of  pupil  in  all  cases,  so  that  the  discrepancy  in  per- 
centages is  easily  accounted  for.  TJnilaieral  Argyll-Robertson  pupil  is 
very  rare.  Berger  found  it  present  in  three  cases  out  of  oiie  hundred 
and  nine  tabetics  and  Gowei’s  once  in  seventy-two  cases.  Dercum 
found  four  cases  among  thirty  tabetics.  For  tbe  reason  that  monocu- 
lar miosis  is  verj'  rare  in  tabes  while  it  is  the  rule  in  juiresis  we  have 
valuable  data  in  differentiating  these  diseases.  (See  Tabes  in  this 
section.) 
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Argyll-Eohertsoii  'pupil,  Monocular,  due  to  orbital  injury.  Hirsch- 
berg,  of  Berlin  {Centr.  f.  prah.  Augenli.,  July,  1907),  reports  the  case 
of  a healthy  young  man  in  whose  left  orbit  a piece  of  steel  had  en- 
tered by  passing  through  the  lower  eyelid  and  under  the  left  eye- 
ball. This  foreign  body  was  successfully  removed  by  the  aid  of  mag- 
net attraction.  The  wound  healed  perfectly  and  the  ocular  movements 
gradually  returned  to  normal  excepting  the  outward.  The  pupil  was 
contracted  and  did  not  react  to  light  either  directly  or  consensually, 
but  there  was  a prompt  further  contraction  to  convergence  effort. 
The  pupil  of  the  right  eye  was  normal  to  all  reaction  tests.  This 
case  proves  that  it  is  impossible  to  maintain  that  unilateral  Argyll- 
Robertson  pupil  must  invariably  have  a cerebral  or  spinal  cause. 
In  this  connection,  Velter  {Arch.  d'Opht.,  V.  33,  p.  120),  reports  the 
case  of  a man  aged  58  who,  atteanpting  suicide,  fired  two  ballets  which 
lodged  in  his  right  orbit  against  the  inner  wall.  He  presented  a 
typical  Argyll-Robertson  pupil  iu  this  eye  proving,  as  in  Hirsch- 
berg’s  case,  that  this  phenomenon  of  the  pupil  can  exist  from  causes 
other  than  syphilis  or  cerebral  disease.  iMees  {Munch.  Med.  Woch.,  V. 
60,  June  3),  also  reports  having  observed  typical  Argyll-Robertson 
pupils  in  an  alcoholic  patient  with  polyneuritis  and  epilepsy  in  whom 
tabes  and  syphilis  were  found  to  be  entirely  absent.  (See  Sympa- 
thetic, wounds  of  in  this  section,  also  Argyll-Eohcrtson  pupil,  cause  of.) 

Argyll-Eohertsan  pupils  in  toxic  amblyopia.  Gamble  {Ophth.  Eec., 
April,  1902,  p.  223),  reported  the  case  of  a man  of  43  who  had  no- 
ticed progressive  loss  of  vision  for  three  months  prior.  He  had 
never  had  any  illness  excepting  one  attack  of  muscular  rheumatism 
which,  however,  was  of  only  a few  days’  duration.  There  was  no  his- 
tory of  syphilis  and  he  presented  no  evidence  of  s^'stemic  disease 
of  any  kind.  For  some  years  he  indulged  inordinately  in  strong 
drink;  ten  or  twelve  glasses  of  whiskey  a day  and  a few  cigars  were 
his  usual  quota.  The  optic  disks  were  atrophic  on  the  temple  sides 
and  his  vision  Avas  greatly  reduced  on  account  of  the  central  seoto'ma 
present.  The  pupils  were  contracted  and  did  not  respond  to  light, 
singly  or  consensually,  but  they  did  respond  to  convergence  and  ac- 
commodation. 

J.  B.  Loring  in  discussing  the  case  raised  the  question  whether  the 
Argyll-Robertson  pupils  Avere  the  result  of  toxic  amblyopia  or  to  a 
degeneration  in  the  spinal  cord  (tabes)  he  cited  Gowers  as  having 
reported  tAventy-two  cases  of  Argyll-Robertson  pupils  AA^iich  pre- 
sented no  evidence  Avhatever  of  any  other  degenerative  process.  In 
GoAvers’  group  of  cases  75  per  cent,  of  them  gave  a distinct  syphil- 
itic history. 
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Argyll-Eahertsan  pupils,  Recovery  of  light  reactwn.  Among  a vast 
amount  of  literature  bearing  on  the  subject  of  the  Argyll-Robertson 
pupil  which  the  writer  of  this  article  has  carefully  reviewed,  recov- 
ery of  pupil  reaction  spontaneous  or  remedial  was  noticed  in  only 
one  instance,  the  following:  Zaun  {Jour.  A.  M.  A.,  March  1,  1913), 
reports  the  case  of  a man  aged  32,  in  whom  the  Argyll-Robertson  phe- 
nomenon was  well  marked  and  the  other  symptoms  of  tabes  wei’e  well 
established.  A positive  Wassermann  was  obtained.  After  a course 
of  mercurial  inunctions  and  iodide  of  potash,  followed  b}^  an  injection 
of  salvai*saii  which  Avas  repeated  in  ten  weeks,  the  pupils  recovered 
nonml  and  pratript  reavtio)h  to  light. 

ArgyU-Rohertson  pupil,  cause  of — (Dunn’s  theory).  John  Dunn 
{Archives  of  Ophthalmology , Sept.,  1918,  Vol.  XLVII,  No.  5,  p.  469) 
sets  aside  the  ordinarily  accepted  theories  that  the  lesion  causing 
the  Argyll-Robertson  phenomenon  is  central,  either  in  the  brain  or 
.spinal  cord,  and  offers  the  theory  that  the  specific  disease  is  located 
in  the  ciliary  ganglion  and  that  it  so  affects  the  sensory  and  motor 
impulses  going  to  and  from  this  ganglionic  station  as  to  inhibit  their 
transmission  entirely,  thereby  producing  the  Argyll-Robertson  syn- 
drome. He  believes  in  the  ciliary  ganglion  as  the  peripheral  reflex 
center  for  direct  sensory  and  light  reaction  as  mentioned  in  this  sec- 
tion. (See  Cilmry  ganglion,  etc.)  He  states  “Sensations  picked  up 
by  the  short  ciliary  nerves  are  carried  backwards  to  the  ciliary  gang- 
lion. AVhy  to  the  ganglion?  This  is  the  crux  of  the  whole  question. 
The  ganglion  is  not  a purposeless  mass  of  nervous  tis.sue.  It  has  a 
definite  function.  What  is  it?  Why  is  it  that  the  motor  fibers,  the 
sensory  fibers,  and  the  sympathetic  fibers  that  enter  it  do  not  pass  with 
their  foniis  unaltered  through  the  ganglion?  Why  do  all  three  sets 
of  fil)ers  make  connections  with  each  other  within  the  ganglion? 
There  can  be  but  one  answer — and  that  is  that  it  is  to  make  possible 
the  exi.stencc  of  primary  reflexes;  in  the  case  of  the  ciliary  ganglion, 
the.se  reflexes  are  manifested  in  movements  of  the  pupil  and  ciliary 
body  and  in  changes  in  the  activities  of  the  ciliary  gland.  Primary 
reflexes  are  brought  about  wherever  there  exist  extracerebral  ganglia. 
The  jerk  of  the  foot  when  the  patella  is  struck  is  a reflex  response, 
and  to  explain  it  we  do  not  say  the  nervous  pathway  is  via  sensory 
nerves  to  the  spinal  cord,  along  the  sen.sory  spinal  nerves  to  the 
cerebral  cortex,  etc.  We  are  satisfied  to  say  that  the  knee-jerk  is 
mediated  through  the  appi’opriate  spinal  ganglia.  This  reflex  belongs 
to  the  domain  of  the  voluntary  muscles.  The  primar.y  pupillary  re- 
sponse belongs  to  the  domain  of  the  autonomic  system.  Or,  look  at  the 
question  another  way,  the  sensory  elements  of  the  short  ciliary  nerves 
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convey  sensory  impressions  born  in  the  iridociliary  region  to  the  ciliary 
ganglion.  These  impressions  must  serve  a physiological  purpose  with- 
in the  ganglion,  otherwise  the  ganglion  would  be  unnecessary.  The 
finer  ganglionic  anatomy  is  such  as  to  render  it  certain  that  these 
sensory  impressions  are  transmitted  to  both  the  ciliary  and  iritic 
motor  fibers  within  the  ganglia.  Then  what  happens?  Motor  fibers 
do  not  transmit  impulses  centralwards.  The  impulses  theii  must  be 
transmitted  peripheralwards  and  can  have  but  one  effect,  contraction 
of  the  sphincter  pupillse  and  of  the  ciliary  muscle.  The  sensory  im- 
pulses from  the  iridic  and  ciliary  region,  which  on  reaching  the  ciliary 
ganglion  are  therein  communicated  to  the  sympathetic  element,  are 
transmitted  also  peripheralwards  and  result  in  a response  on  the  part 
of  both  the  activities  of  the  ciliary  glands  and  of  the  dilatator  pupillse. 
If  these  statements  are  not  so,  what  is  the  purpose  of  the  ciliary  gang- 
lion? I can  conceive  of  no  reason  why  the  motor  fibers  to  the  iris 
and  ciliary  muscle  should  be  interrupted  by  a peripheral  ganglion 
other  than  that  thereby  is  rendered  possible  the  production  of  primary 
reflexes,  i.  e.,  those  reflexes  that  are  produced  without  recourse  to  the 
higher  nervous  centers.  The  long  and  short  ciliary  nerves  are  dis- 
tributed to  the  ciliary  and  iritic  regions.  No  sensory  nerves  have 
been  demonstrated  as  going  from  the  retina.  With  an  intact  iris  and 
ciliary  body,  if  the  retina  be  entirely  atrophied,  it  is  impossible  to 
produce  the  primary  light  reflex.  This  proves  beyond  question  that 
an  active  retina  is  a sine  qua  non  for  the  production  of  the  primary 
light  reflex.  The  retina  has  distributed  to  it  no  sensory  nerve  termi- 
nals from  the  ciliary  ganglia.  We  might,  at  first  thought,  then  ex- 
clude the  possibility  of  the  ciliary  ganglion  mediating  the  primary 
light  reflex  as  claimed  above.  When,  however,  light  falls  on  the  retinal 
ganglion  cells,  great  activity  is  aroused  in  the  adjacent  pigment  cell 
layer.  This  layer  is  continuous  to  and  through  the  ciliary  and  iritic 

N * 

regions,  and  it  is  through  disturbance  of  this  pigment  layer  that  the 
sensory  nerves  of  this  latter  region  are  stimulated  for  the  originating 
of  the  primary  light  reflex.  The  motor  cells  to  the  ciliary  muscle  also 
pass  through  the  ciliary  ganglion.  This  has  also  for  its  purpose  the 
making  possible  of  a primary  ciliary  muscle  reflex.  This  is  also  pos- 
sibly secondary  to  the  impact  of  light  in  the  retina,  just  as  is  the  pri- 
mary pupillary  reflex,  and  has  for  its  object  a reflex  contraction  of  the 
ciliary  muscle  occurring  at  the  same  time  with  that  of  the  contraction 
of  the  pupil.  It  is  more  likely,  however,  that  the  primary  ciliary 
reflex  is  secondary  to  the  iritic  movements  of  the  primary  light  reflex. 
These  movements  create  sensory  impression^  which  are  transmitted  to 
the  short  ciliary  nerves,  thence  outwards  along  the  ciliary  niotor  fibers 
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from  the  ciliary  ganglion  to  the  ciliary  muscle.  This  is  also  an 
autonomic  reflex  and  is  entirely  distinct  from  the  accommodation  act. 
As  the  primary  pupillary  reflex  is  probably  protective  in  its  origin, 
so  too  is  the  primary  ciliary  reflex.  This  primary  ciliary  reflex  is  not 
possible  when  there  is  complete  atrophy  of  the  retinal  cells,  and  yet 
under  the  same  conditions  both  contraction  of  the  ciliary  muscle  and 
its  consensual  pupillary  response  are  at  times  possible.  Why  do  the 
long  ciliary  nerves  not  pass  through  the  ciliary  ganglion?  Because 
their  impulses  do  not  take  part  in  the  production  of  a primary  reflex. 
When  the  ciliary  muscle  begins  to  contract,  and  thus  put  in  motion  the 
crystalline  lens  system,  a set  of  sensations  is  aroused  different  from 
those  aroused  by  the  impact  of  light  on  the  retina.  It  is  these  sensa- 
tions that  are  taken  note  of  by  the  long  ciliary  nerve  terminals  and 
carried  centralwards  to  inform  the  brain  of  the  degree  of  contraction 
of  the  ciliary  muscle,  information  which  assists  in  regulation  of  the 
accommodative  action  of  the  crystalline  lens  and  in  accompanying 
changes  in  the  size  of  the  pupils.  This  is  the  origin  and  explanation 
of  the  movement  of  the  pupil  in  accommodation.” 

Dunn  claims  that  for  the  production  of  the  Argyll-Robertson  pupil 
the  syphilitic  organism  selects  for  its  action  the  sensori-motor  and  the 
sensori-sympathetic  connections  within  the  ciliary  ganglion.  (See 
Physiology  and  also  Pathology  of  the  pupil  this  section.) 

Argyll-Rohertson  pupil,  Pathological  anatomy  of  the.  (See  also  ' 
Pathology  of  the  pupil  in  this  section.)  Bach  (Zeit.  f.  Augenh.,  June, 
1906),  discusses  the  theories;  on  this  subject  and  describes  his  own 
experiments.  He  comes  to  no  definite  conclusion,  but  states  that: 
(1)  Probably  the  central  grey  matter,  the  corpora  quadrigemina  and 
oculomotor  centres  have  nothing  to  do  with  the  production  of  the 
Argyll-Robertson  pupil  reflex.  (2)  Affections  of  the  superior  brachi- 
um  may  apparently  cause  reflex  fixity  of  the  pupil  and  it  would  not 
seem  to  be  necessary  for  all  the  fibres  to  be  affected,  but  it  is  not  im- 
probable that  a partial  degeneration  of  the  superior  brachium  as 
well  as  of  the  pathway  from  the  corpora  quadrigemina  to  the  me- 
dulla does  occur  in  these  cases.  (3)  Usually  the  oculomotor  nerve  and 
the  ciliary  ganglion  and  nerves  remain  unaffected,  and  have,  there- 
fore, probably  nothing  to  do  with  the  causation  of  the  Argyll-Robert- 
son pupil.  (4)  In  those  cases  not  complicated  by  visual  disturbance 
the  optic  nerve  is  found  normal.  (5)  The  investigations  of  the  spinal 
cord,  especially  in  the  cervical  region,  have  given  very  contradictory 
results  and  therefore  no  conclusions  can  be  drawn  from  them. 

For  future  investigators  he  advises  that  special  attention  should 
be  paid  to  the  medulla  and  the  paths  from  the  medulla  to  the  corpora 
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qiiadrigeinina  and  also  the  tracts  from  the  spinal  cord  to  the  cerebrum 
and  from  the  cerebrum  to  the  medulla. 

Wilfred  Harris  {Brit.  Med.  Jour.,  Sept.  29,  1900),  states  he  has 
met  with  this  form  of  pupil  in  tabes,  general  paralj^sis,  juvenile  loco- 
motor ataxia,  progi’essivc  muscular  atrophy,  lead  poisoning,  aortic 
aneurism,  hemiplegia,  syphilitic  meningitis,  ataxic  paraplegia  and 
nuclear  ophthalmoplegia  and  states  that  loss  of  pupillary  contrac- 
tion to  light  may  be  considered  an  almost  certain  sign  of  antecedent 
syphilis,  congenital  or  acquired.  He  has  encountered  the  pupillary 
phenomenon  in  cases  presenting  no  other  signs  of  disease  of  the  nerv- 
ous system  and  found  a clear  history  of  syphilis  in  almost  every 
instance.  He  thinks  it  is  highly  probable  that  the  Argyll-Robertsoii 
pupil  is  due  to  sclerosis  of  Meynert’s  fibers,  more  particularly  those 
which,  by  Boyce  and  others,  are  found  to  be  uncrossed  and  which 
are  out  of  the  pathway  of  the  light  reflex  arc  but  which  are  in  or 
close  to  the  posterior  longitudinal  bundle  of  the  same  side ; and  that 
this  sclerosis  may  be  expressed  on  one  side,  thus  explaining  those 
occasional  cases  of  unilateral  reflex  iridoplegia  that  are  encountered. 
(See  Mios^is  with  pupillary  rigidity  in  this  section.) 

Arsenical  neuritis.  Prior  to  the  introduction  of  salvarsan,  neo- 
salvarsan,  atoxyl,  cacodylate  of  sodium  and  other  arsenical  salts  intra- 
venously injected  for  the  relief  or  supposed  cure  of  syphilitic  affec- 
tions, arsenical  neuritis  affecting  the  nerves  supplying  the  eyes  was 
extremely  rare.  But  within  the  past  five  years  the  literature  lias  been 
flooded  with  eases  of  optic  neuritis  and  blindness  of  varying  degrees 
after  the  intravenous  injection  of  the  arsenical  preparations,  espe- 
cially salvarsan.  In  the  writer’s  limited  practice,  he  has  observed  no 
less  than  ten  cases  of  this  character.  In  them  we  find  mostlj’’  un- 
equal pupils  with  defoianity  of  contour.  There  is  usually  some  con- 
traction wdth  loss  of  light  reflex.  It  is  not  determinable  that  the 
optic  neuritis  is  strictly  from  arsenical  poisoning;  on  the  contrary, 
nearly  all  argue  that  the  neuritis  is  syphilitic,  being  a recrudescence 
of  a slumbering  infection.  The  appearance  of  the  pupils  in  these 
cases  is  not  unlike  what  we  see  in  such  specific  affections  as  tabes, 
paresis  and  basilar  meningitis,  which  of  themselves  may  cause  ab- 
normal pupils.  (See  Salvarsan  in  this  section.) 

Associated  reactwn.  Compai’ison  between  the  light  rea-ciion  and 
convergence  reaction.  Laqueur  {Archiv.  f.  Augenh.,  LIX,  p.  527), 
found  that  convergence  reaction  is  longer  retained  and  stronger  than 
light  reaction.  This  was  proven  by  observing  that  convergence  re- 
action remained  for  a time  after  the  light  reaction  was  lost  when 
homatropin  drops  were  instilled  in  the  eyes,  and  that  convergence 
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reaction  returaed  in  advance  of  light  reaction  as  the  effect  of  the 
drug  wore  off.  He  therefore  concludes  that  the  convergence  reaction 
is  the  strongest  stimulus  to  the  pupil  that  we  have. 

Moderow  (Inaug.  Diss.,  Marburg,  1906),  discussing  associated  pu- 
pillary contraetion  also  concludes  that  the  cojivergence  and  not  the 
accommodation  brings  about  the  contraction  of  the  pupil. 

Athetosis,  pupillanj.  Fromaget  (Archiv.  d’ophtal.,  XXVI,  p.  230), 
finds  an  analogy  between  unilateral  hippus  due  to  congenital  nuclear 
palsy  which  he  calls  “pupillary  athetosis”  and  the  posthemiplegic 
athetosis  of  Hammond.  The  athetosis  of  the  pupil  manifests  itself 
through  the  clinical  symptom  of  hippus.  In  this  connection  he  also 
regards  nystagmus  to  be  an  athetosis  of  the  external  eye  muscles. 
(See  Hippus  in  this  section.) 

Atrophy  of  optic  nerves  (complete),  Noivnal  reaction  with.  Jessop 
{Lancet,  July  11,  1891,  p,  73),  reported  a case  of  bilateral  atrophy 
of  the  optic  disks  and  total  blindness  with  retained  and  intact  pupil- 
lary reaction  to  light,  but  Knies  explains  this  by  stating  that  the 
ophthalmoscope  sometimes  shows  atrophy  of  the  optic  disks  with 
good  vision  present  and  that  Jessop ’s  case  may  have  had  a disorder 
of  the  visual  areas  of  the  cortex  superadded.  (See  Knies’  text  hook, 
p.  66.)  Jessop ’s  case  is  often  referred  to  by  writers  as  being  a case 
in  illustration  of  the  possibility  of  complete  atrophy  of  the  visual 
fibers  of  the  retina  with  retained  normal  function  of  the  pupillomotor 
fibers.  Other  cases  of  like  nature  have  been  reported.  In  one  in- 
stance, the  pupils  continued  to  react  to  light  for  four  years  after  com- 
plete atrophy  of  the  optic  nerve  and  blindness.  (See  also  Chiasm  in 
this  section.)  Swansy  referring  to  Jessop ’s  case  states  it  is  possible 
that  there  were  symmetrical  lesions  of  the  visual  areas  of  the  cortex 
causing  “double  homonymous  hemianopsia.”  (See  also  Cortical  blind- 
ness— Graefe’s  reaction  in  this  section.) 

Atrophy,  Progressive  primary,  and  disappearance  of  the  iris,  or 
essential  iriderdmia.  Casey  A.  Wood  (Ophthalmoscope,  Dec.,  1910), 
reported  a rare  case  of  disintegration  and  resorption  of  the  iris  in 
the  right  eye  of  a literary  man  forty-four  years  of  age,  whose  his- 
tory was  negative  as  to  bodily  disease,  but  who  had  sustained  a frac- 
ture of  the  right  superior  maxilla  extending  into  the  orbit  during  a 
football  game  sixteen  years  before.  At  the  time  Wood  first  saw  him 
he  was  suffering  from  acute  empyema  of  the  right  maxillary  antrum, 
which  condition  was  speedily  cured  by  irrigation  and  drainage.  The 
eyeball  presented  no  evidence  of  disease  of  any  kind  aside  from  the 
peculiar  change  in  the  right  pupil  which  had  progressed  as  indicated 
in  the  accompanying  figure  until  the  time  he  first  presented  himself 
to  Wood  when  the  iris  was  observed  to  have  nearly  live-sixths  dis- 
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appeared.  Mydriatics  and  rayotics  were  used  to  determine  their 
effect  on  the  pupil  and  tliey  induced  no  change  wliatever.  The  ten- 
sion was  likewise  unaffected  by  their  use.  There  was  slight  response 
of  the  nasal  iris  remnant  to  light  but  this  soon  disappeared.  The 
pigment  layer  of  the  iris  was  not  disturbed  excepting  a slight  ab- 
sorption at  the  pupillary  edge.  Glaucoma  supervened  as  an  after- 
incident, due,  it  was  found  by  microscopic  examination,  to  complete 


7 

lllustratiug  Casey  A.  Wood’s  case  of  Primary  Atrophy  of  Iris;  the  drawings 
and  the  dates  according  to  the  memory  of  the  patient.  1. — March,  1904;  2. — 
October,  1904;  3.— February,  1905;  4.— November,  1905;  5.— May,  1906;  6.— 
December,  1906;  7. — June,  1907. 

clogging  of  the  pectinated  spaces  by  fibrous  exudate  and  dead  tissue- 
cells.  The  eye  was  enucleated  as  a relief  measure  for  inveterate 
glaucoma. 

In  this  connection  Wood  mentions  the  case  of  Harms  {Klin.  Monais. 
/.  Augenli.,  Nov.,  Dee.,  1!)0.3),  in  wliich  there  was  unilateral  atrophy 
of  the  iris  and  corectopia  with  no  history  of  trauma.  The  iris  and  pu- 
pil presenting  the  appearance  indicated  in  the  Fig.  Glaucoma  super- 
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vened  in  Harms’  case  likewise;  no  cause  was  ascribed.  (See  de 
Schweinitz’s  ease  report  on  Essential  irideremia,  in  this  section.) 

Atropm  and  eserin,  Comlined  action  of.  Kangieser  (Knapp’s 
Archiv.  of  Oplith.,  Vol.  XL,  No.  20,  p.  206),  studied  the  effect  on  the 
pupil  produced  by  a solution  composed  of  equal  parts  1-1000  atropin 
and  1-1000  eserin  dropped  in  the  conjunctival  sac.  The  result  was 
that  the  quicker-acting  eserin  caused  a contraction  of  the  pupil  at  first 


(Continuation  of  preceding  figure.) 

Shows  (January,  1909)  Additional  Atrophy  of  the  Iris  Stroma. 
Pigment  layer  still  intact.  Eemainder  of  iris  unchanged. 


which,  however,  soon  gave  way  to  the  more  powerful  atropin  re- 
sulting in  dilatation.  This  dilatation  was  not  so  marked  as  when 
atropin  in  same  strength  was  used  alone.  A drop  of  1 per  cent,  eserin 
solution  was  instilled  into  an  eye  a half-hour  after  a drop  of  1-1000 
atropin  had  been  used,  the  effect  was  to  check  the  full  effect  of  the 
atropin.  A drop  of  1-2000  atropin  was  instilled  at  the  height  of  the 
effect  produced  by  a 1 to  1,000  eserin  and  the  result  was  a great  di- 
latation of  the  pupfiL 
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Atropin,  Minimum  amount  of  to  dilate  the  pupil.  Howe  (Ophthal- 
mology, Jul}^  1906,  Vol.  11,  No.  4,  p.  623),  defines  inj^driasis  as  be- 
ing that  state  of  the  pupil  in  the  adult  in  which  we  note  the  diameter 
measures  more  than  seven  mm.  He  estimates  that  0.000005  gram  of 
atropin  is  the  smallest  amount  that  will  produce  dilatation  of  the 
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Immediate  Effect  of  a Full  Dose  of  Atropin.  (Howe.) 

In  this,  and  in  all  similar  diagrams  of  this  group,  the  numbers  reading  down- 
ward represent  millimeters  to  show'  the  diameter  of  the  pupil. 
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Immediate  Effect  on  the  Pupil  of  a Pull  Dose  of  Homatropin  (Howe). 


pupil  in  the  average  healthy  adult.  Arteriosclerosis  so  common  among 
adults  will  inhibit  the  action  of  mydriatics. 

Bonders  states  that  if  1 to  120,000  solution  of  atropin  sulphate 
is  kept  long  enough  in  contact  with  the  cornea  it  will  dilate  the  pupil. 
Fedderson  found  that  0.000002  gram  of  atropin  dilated  the  pupil  in 
every  case. 

Howe  after  comparative  studies  of  the  effects  of  atropin  and  homa- 
tropin comes  to  the  conclusion  that  as  a mydriatic  homatropin  is  in- 
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finitely  the  better  of  the  two.  lie  advocates  the  use  of  the  gelatin  disks 
1/500  gi*ain  each. 

Atropin  effect  on  the  lens  as  observed  after  iridectomy.  Atropin  will 
dilate  the  pupil  but  not  disclose  the  lens  margin.  The  latter  can  be 
seen  when  irideeto<my  has  been  performed,  after  which,  according 

CO 

1 

2 

3 


6 

7 


Effect  on  the  Pupil  Ten  Hours  After  a Full  Dose  of  Homatropin  (Howe). 
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Subject  (Howe). 


Effect  on  the  Pupil  Four  and  a Half  Days  After  a Minimum  Dose  of  Atropin 

(Howe). 


to  Hess,  atropin  causes  minute  elevations  and  depressions  in  the  con- 
tour of  the  lens  margin  while  eserin  does  not  cause  such  phenomena. 

Atropin  in  mydriasis.  If  the  pupil  is  dilated  from  paralysis  of  the 
sphincter  pupillie  from  any  cause  and  a mydriatic  drug  like  atropin 
in  solution  be  instilled,  it  will  dilate  still  wider.  This  test  has  been 
used  by  some  to  argue  that  atropin  and  allied  drugs  have  a stimu- 
lating effect  on  the  fibers  of  the  dilator  pupillae. 
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Bahinski’s  test.  In  the  Argyll-Robertson  phenomenon,  if  the  eyes 
are  bandaged  for  half  an  hour  and  then  the  pupils  tested  with  direct 
light  they  will  sometimes  react. 

Bach  and  Meyer’s  Juypothetical  pupillary  centers  in  the  medulla. 
Bach  and  Meyer  experimented  on  cats  and  demonstrated  that  double 
section  of  the  medulla  at  the  spinal  end  of  the  fossa  rhomboidea 
immediately  produced  reflex  light  paralysis  of  both  pupils,  whereas 
unilateral  section  only  aftected  the  pupil  of  the  opposite  side  and 
irritation  of  the  fossa  produced  miosis. 

They  explain  these  phenomena  by  assuming  the  presence  of  in- 
hibitory centers  at  the  spinal  end  of  the  fossa.  Bach’s  claims  are 
denied  by  Trendlenburg  and  Bumke  (Kim.  Monats.  f.  Augenheilk., 
45,  1907,  p.  353),  who  in  order  to  prove  or  disprove  the  existence  of 
pupil  controlling  center  or  centers  in  the  medulla,  as  claimed  by 
Bach  and  Meyer,  conducted  extensive  experiments  on  cats  carefully 
cutting  one-half  the  medulla  and  watching  the  effect  on  the  pupil. 
Summarizing  their  results : considerable  loss  of  blood  causes  mydri- 
asis, etherization  produces  reflex  iridoplegia,  exposure  of  the  medulla 
does  not  cause  anything  of  the  kind ; therefore,  they  state,  the  pupil- 
lary disturbances  observed  by  Bach  and  Meyer  in  etherized  cats  were 
due  to  the  anesthetic  alone.  The  mydriasis  noted  on  cutting  the  me- 
dulla differed  in  no  respect  from  that  produced  by  any  other  intense 
sensory  excitation  (sensory  leflex  dilatation). 

In  all  cases  of  hemisection  of  the  medulla  the  pupil  became  mi- 
otic although  in  some  cases  it  was  for  a short  period  slightly  dilated 
previously  to  contraction.  The  same  observation  was  made  when  the 
section  was  through  half  -the  cord  lower  down.  After  cutting  the 
rhomboid  fossa  or  exposing  it  miosis  or  sluggish  reaction  to  light 
never  occurred,  thus  disapproving  any  casual  relation  between  the 
rhomboid  fossa  and  pupillary  behavior.  From  these  observations  and 
others  Bumke  states  it  is  without  prospect  of  success  to  search  fur- 
ther in  the  medulla  for  pupillary  centers  or  the  anatomo-pathologic 
causes  of  reflex  iridoplegia.  (See  Centers  of  inhibition  in  this  sec- 
tion.) 

Balance  mydriasis.  Frenkel  {Arch.  med.  de  Toni.,  October  15  and 
November  1,  1904),  denominates  the  oscillating  dilatatiop'  of  the 
pupil  that  follows  a spasm  of  the  dilator  pupillae  as  mydriasis  a 
bascule  (balance  mydriasis).  It  is  not  a pathognomonic  sign  of 
paresis  as  others  have  pointed  out  for  it  may  occur  in  other  less  grave 
diseases,  as  tabes,  neurasthenia,  phthisis,  etc. 

Basedow  s disease,  Latent  inequality  of  the  pupils  in.  Cantonnet 
{Soc.  de  Neurolog  de  Paris,  July  1,  1909),  employed  a refinement  in 
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diagnosis  in  six  cases  of  Basedow’s  disease,  finding  that  while  the 
pupils  were  equal  in  ordinary  light  there  was  a difference  in  size 
noted  in  semi-darkness.  It  is  conceivable  that  this  test,  which  is  not 
commonly  known,  may  be  of  distinct  value  in  the  diagnosis  of  many 
incipient  diseases  of  the  cerebro-spinal  axis,  as  well  as  in  Basedow’s 
disease. 

Bibliography.  The  student  is  referred  to  the  citations  given  by 
A.  J.  Ballantyne  in  his  comprehensive  review  on  the  “Diagnostic 
Significance  of  the  Pupil  and  its  Reflexes”  (Ophthalmoscope,  July  and 
August,  1909),  comprising  sixty-one  references,  together  with  those 
from  C.  B.  Walker’s  masterful  contribution  on  the  “Topical  Diag- 
nostic Value  of  the  Hemiopic  Pupillary  Reaction  and  the  Wilbrand 
Hemianoptic  Prism  Phenomenon”  (Trans.  Ophthal.  Section  A.  M.  A. 
1913),  comprising  eighty-three  additional  references.  These  references 
indicate  many,  though  by  no  means  all,  of  the  valuable  contributions 
on  the  subject  of  the  pupil  in  health  and  disease. 

The  student  is  also  referred  to  Prof.  Ludwig  Bach’s  work  on  “A 
Study  of  the  Pupils”— iba  Physiology  and  Pathology  and  Methods 
of  Examination  (S.  Karger,  Berlin)  wherein  will  be  found  a bibliog- 
raphy comprising  1778  citations. 

Bird  s pupils,  Size  and  shape  of.  Casey  A.  Wood  (Ophthalmology, 
April,  1907,  Vol.  Ill,  No.  3,  p.  381)  states  the  size  and  shape  of  the 
pupils  in  birds  are  closely  related  to  the  focussing  apparatus.  The 
motility  of  the  iris  and  pupil  is  most  remarkable.  In  some  birds, 
e.  g.,  the  yellow-eyed  parrot,  the  pupil  seems  to  be  under  the  control 
of  the  will.  In  the  majority  of  birds  the  pupils  are  round,  but  in 
some  nocturnal  birds,  like  the  owl,  those  which  are  round  when  di- 
lated will  contract  to  a vertical  slit.  The  owl’s  pupils  respond  to 
light  quite  as  uniformly  as  our  own. 

Wood  also  demonstrated  consensual  reaction  of  the  pupils  in  owls. 
(For  a full;  account  of  the  pupils  in  birds,  etc.,  see  pp.  2634-2639, 
Vol.  IV,  of  this  Encyclopedia.) 

Behr  s pupillary  sign.  Dilatation  of  the  pupil  on  the  side  opposite 
to  the  affected  eye,  as  when  the  nasal  field  in  one  eye  is  affected.  (See 
Physiology  and  pathology  of  pupillary  reflexes,  by  Behr,  in  this 
section.) 

Brachial  plexus,  Paralysis  of  the.  The  rami  communicantes  of  the 
first  dorsal  roots  of  the  spinal  nerves  may  be  paralyzed  and  give  rise 
to  symptoms  referable  to  the  cervical  sympathetic.  There  are  two 
types  of  disease  of  this  kind,  first,  the  so-called  Duehenne-Erb,  or 
upper  form,  in  which  the  fifth  and  sixth  cervical  roots  are  involved, 
and  in  which  the  pupils  are  not  apt  to  show  any  abnormality;  and 
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second,  the  Klumpke  or  lower  form  in  which  the  eighth  cervical  and 
first  dorsal  roots  are  implicated.  This  type  of  brachial  plexus  palsy 
always  affects  the  rami  communicans  if  the  roots  are  involved,  and 
the  consequence  is,  paralysis  of  the  cervical  sympathetic  supplying 
the  dilator  pupilhe.  In  this  latter  type  we  find  the  classical  Horner’s 
syndrome  present;  viz.,  miosis,  partial  ptosis,  enophthalmos,  etc.  (See 
Horner’s  sijndrmne,  this  section.) 

Brain  tiimors,  The  value  of  the  pupil  in  diagnosing.  If  the  tumor  is 
located  above  the  tentorium  or  in  the  frontal  or  silent  areas  of  the 
brain  the  pupil  will  not  show  abnormality  that  leads  to  a diagnosis; 
but  if  the  tumor  is  below  the  tentorium,  causing  pressure  under  that 
resisting  partition,  there  will  be  hydrops  of  the  ventricles  and  almost 
certain  paralysis  of  the  filaments  of  the  third  nerve  disturbing  the 
pupillaiy  reflex  arc  causing  mydriasis. 

Casper  has  observed  that  when  the  lesion  is  located  in  or  near  the 
third  ventricle  there  is  anisocoria  and  hippus,  but  if  the  lesion  is 
between  the  external  geniculate  bodies  at  the  sphincter  nucleus  the 
Argyll-Robertson  phenomenon  is  present  (Uhthoff). 

The  presence  of  nystagmus  in  association  with  dilated  pupils  fixes 
the  suspicion  of  the  tumor  being  in  the  cerebellar  fossa.  The  loca- 
tion of  a brain  tumor  cannot  be  determined  by  any  pupillary  tests 
for  there  is  no  definite  or  uniform  behavior  of  the  pupils  in  brain 
tumors.  The  pupillary  reactions  studied  in  conjunction  with  other 
symptoms  often  lead  to  a correct  localization.  (See  Diagnosis  in 
this  section.) 

Broimi^Sequard  paralysis.  G.  W.  Hall  (Am?i.  Ophthal.,  July  1913, 
p.  575)  reports  a case  of  Brown-Secpiard  paralysis  showing  ocular 
symptoms  of  involvement  of  the  sympathetic  nerve.  There  was  an  in- 
definite history  of  syphilis.  The  attack  came  on  suddenly.  The  pa- 
tient became  paralyzed  on  the  left  side  with  complete  loss  of  sensa- 
tion. The  ocular  symptoms  were  marked  ptosis  of  the  right  upper 
e3^elid,  enophthalmos  and  marked  miosis.  The  lesion  was  located  in 
the  lower  cervical  and  first  dorsal  portion  of  the  spinal  cord,  result- 
ing in  complete  paralysis  of  the  cervical  sjnnpathetic  on  the  right  side. 
Improvement  set  in  after  a course  of  specific  treatment.  Hall  further 
mentioned  {idem,  p.  579)  another  case  of  like  nature  presenting  the 
Brown-Sequard  syndrome  from  unquestionable  lesion  of  the  cord  in 
the  region  of  the  cilio-spinal  center  which  he  presented  before  the 
Chicago  Neurological  Society  in  1911.  He  also  described  two  other 
cases  of  cervical  Hb  in  each  of  which  there  was  involvement  of  the 
sympathetic  nerves  and  consequent  miosis  from  pressure  of  the  aber- 
rant rib.  After  the  operation  of  removal  of  the  cervical  rib  the  miosis 
nearly  entirely  disappeared.  (See  Rih,  cervical.) 
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Budge's  center.  Budge’s  cilio-spinal  center  exists  in  the  spinal 
cord  in  a region  between  the  sixth  cervical  and  fourth  dorsal  iieiwes 
probably  opposite  the  eightli  cervical  and  first  dorsal. 

Bulbar  apoplexy,  Acute.  Acute  bulbar  apoplexy  proclaims  itself  in 
unmistakable  clinical  signs,  as  described  by  Dana ; coma,  facial  twitch- 
ings,  irregular  pulse,  Cheyne-Stokes  respiration  and  contracted  pupils 
are  the  classical  signs  of  the  disease  at  its  onset. 

The  contracted  pupils  are  evidently  caused  by  paralysis  of  the  di- 
lator pupillse  center  located  in  the  medulla.  Contraction  of  the  pupil 
also  occurs  in  bulbo-pontine  softening  from  the  same  cause,  i.  e.,  in- 
volvement of  the  sympathetic  or  dilator  pupillae  center  mentioned. 
The  condition  of  the  pupils  becomes  a valuable  aid  in  differentiating 
pseudo-bulbar  paralysis  and  myasthenia  gravis  in  which  a very  simi- 
lar group  of  symptoms  are  exhibited  though  much  slower  in  mani- 
festing. In  the  latter  disease  the  pupils  are  usually  unaffected. 

Bumke's  test  in  blindness  from  tales.  If  a blind  tabetic  be  asked  to 
fix  his  attention  on  an  imaginary  distant  object  and  then  on  an 
object  in  his  hand  the  pupils  may  contract,  thus  proving  intact  asso- 
ciation between  centers  for  convergence  and  the  sphincter  pupillse. 

Cardiopathies,  mitral,  Purpil  reflexes  in.  Braillon  {Gaz.  d.  Hopitaux, 
June,  27,  1906)  states  that  the  pupillary  immobility  to  light  in  patients 
suffering  from  aortic  disease  apparently  apart  from  any  affection  of 
the  nervous  system,  has  become  a clinical  commonplace.  This  pheno- 
menon is  not,  however,  to  be  regarded  as  a relation  between  cause  and 
effect  but  as  a part  of  a syndrome  of  one  and  the  same  disease,  viz., 
syphilis  acting  on  the  aortic  and  the  central  nervous  system  at  the 
.same  time.  (Babinsky.) 

Braillon  now  raises  the  question  whether  the  investigation  of  the 
pupillary  reflexes  will  afford  information  as  to  the  cause  of  certain 
cases  of  chronic  endocarditis.  He  believes  from  cases  he  has  studied, 
that  iridoplegia  associated  with  mitral  disease  declares  that  the  latter 
is  not  to  be  a.scribed  to  so-called  “rheumatic”  influences  but  to  syphi- 
litic di.sea.se,  thus  establishing  a parallel  between  the  cases  of  pupil 
rigidly  a.s.sociated  with  aortic  and  those  associated  with  valvular  car- 
diac disease.  (See  also  Aortic  aneurism  in  this  section.) 

Cataract,  The  pupil  in.  All  kinds  of  cataract  must  be  diagnosed 
through  the  pupil.  The  color  of  the  pupil  may  be  changed  according 
to  the  location  and  kind  of  cataract  present.  It  is  well  known  that 
the  normal  pupil  responds  to  the  light  in  cases  of  senile  cataract  quite 
as  well  as  if  no  cataract  were  present.  The  single  exception  is  in  the 
case  of  black  cataract.  The  writer  has  seen  a case  of  black  cataract 
in  which  the  pupils  were  dilated  and  fixed.  No  red  reflex  was  obtain- 
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<ibl6  3.11(1  yet  3ft6r  tli6  C3t3r3cts  \vGr6  rGinovGcl  thG  vision  vvss  rGstoiGd. 
to  20/20  and  the  pupil  response  after  operation  was  prompt  and 
normal. 

If  the  pupil  in  senile  cataract  does  not  dilate  at  least  half-way  with 
one  drop  of  a 2 per  cent,  homatropin,  or  6 per  cent,  euphthalmin,  it 
shows  that  the  patient  probably  has  high  blood  pressure  and  arterio- 
sclerosis of  the  eye. 

Lieut.  Col.  Henry  Smith,  of  Amritzer,  India,  attaches  great  im- 
poitance  to  the  size  and  behavior  of  the  pupil  in  determining  the 
operability  of  cataract.  If  the  pupil  responds  normally  he  will  oper- 
ate with  every  assurance  of  success  as  regards  restored  vision. 

Bach  states  that  cataract,  uncomplicated,  senile,  does  not  affect  the 
p^^pillfli^  width  or  the  light  reaction  as  a rule.  In  the  stage  of  swell- 
ing the  iris  may  react  a little  slowly  and  the  pupil  be  slightly  larger 
than  its  fellow,  or  the  reverse  may  be  true.  (See  Mydriatics  and  iwyo- 
tics  in  cataract  operation  in  this  section.) 

Cat-like  pnpils  in  nian.  In  Knapp’s  Archives  of  Ophthalmology, 
(Vol.  XLIII,  No.  2,  March  1914)  appears  an  illustrated  article  written 
by  Greeff,  of  Berlin,  describing  the  following  eases  of  cat-like  pupils 
in  man.  Four  of  the  cases  had  come  under  his  own  observation  and  a 
research  through  literature  enabled  him  to  find  but  two  more. 

Case  I,  by  Fehr:  The  illustration  (see  fig.)  shows  a vertical  pupil 
in  the  left  eye.  The  right  shows  a horizontal  pupil  similar  to  the 
hoi-se’s  eye.  In  subdued  light  the  pupil  is  oval,  but  upon  strong  illumi- 
nation it  takes  the  form  of  a narrow  slit. 

Case  II,  by  Burstenbender : A three  months’  old  baby  presented  a 
vertical  left  pupil  a little  to  the  nasal  side.  (See  fig.)  The  right 
pupil  ill  this  case  likewise  presented  a horizontal  slit  like  in  the  eye 
of  a horse. 

Case  III,  by  Greeff : The  right  pupil  extends  vertically,  has  a very 
narrow  slit  and  responds  very  little  on  account  of  posterior  synechia. 
The  left  pupil  is  likewise  vertical  and  a little  to  the  temple  side  of 
the  middle. 

Case  IV,  by  Greeff:  A girl  of  ten,  the  pupil  of  the  right  eye  was 
slit-like,  but, more  oval  than  the  above  and  the  extremities  did  not 
reach  the  periphery  of  the  iris.  There  was  slight  ectropium  uvea. 
(See  plate.)  The  pupil  was  obliquely  placed.  The  iris  below  presented 
a gi’ayish  mass  covering  its  surface. 

Case  V,  by  Decking : The  right  iris  had  a vertical  aperture  located 
in  the  outer  third  of  its  plane.  This  was  surrounded  by  a well-marked 
sphincter  zone.  The  left  eye  presented  a slit  in  the  iris  running  from 
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up  aud  ill  to  down  and  out.  The  left  iris  also  had  a horizontal  slit 
running  at  right  angles  to  the  vertical  as  shown  in  illustration.  In 
none  of  these  cases  was  the  vision  anywhere  near  normal. 

In  this  connection  we  would  like  to  mention  the  unpublished  case 
of  a women  of  26,  in  which  the  left  pupil  was  entirely  normal.  The 
right  presented  a slit  which  ran  across  the  iris  plane  a little  above  the 
center.  This  slit  contracted  in  the  light  so  that  it  was  a mere  line, 
and  in  darkness  it  opened  so  that  it  was  slightly  fusiform.  The  vision 
in  this  eye  with  correction  was  entirely  normal.  The  eye  was  full 
sized.  In  Greet? ’s  cases  and  those  reported,  the  pupils  became  round 
or  nearly  so  in  the  dark.  Fehr  maintains  that  these  pupils  present 
the  same  anatomical  structure  as  the  eye  of  a cat.  Instead  of  forming 


Catlike  Pupils  in  Man.  Pehr. 


Catlike  Pupils  in  Man.  Biirstenbinder. 
(Left  Eye)  (Eight  Eye) 


a ring  around  the  pupil  the  sphincter  of  the  iris  radiates  from  the 
pupil  margin  towards  the  periphery.  He  states  that  the  sharp  ends 
of  the  slit-like  pupil  and  the  regulating  of  the  sphincter  zone  are  posi- 
tive evidence  that  these  are  not  anomalies  due  to  coloboma.  In  cer- 
tain birds  of  prey,  the  brown  owl,  some  species  of  snakes  and  the  croco- 
dile there  is  a vertical,  slit-like  pupil.  In  all  these  the  pupils  are  large 
and  round  in  the  dark  and  become  slit-like  in  the  light.  There  are 
some  theories  discussed  as  to  nature’s  intentions  in  making  the  pupil 
.slit-like  in  cats  and  other  species.  He  believes  that  a round  pupil 
would  accomplish  the  same  j)urposes. 

Wolfskehl,  Matthicssen  and  others  have  expressed  tlie  ()i)inion  that 
such  eyes  have  a high  degree  of  astigmatism  and  the  stenopaic  pupil 
gives  a sharp  acuity.  Experiments  on  cats’  eyes  have  not  found  this 
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to  be  the  case.  Fehe  argues  that  these  cat-like  pupils  in  man  are 
an  expression  of  retrogradation  of  the  eyes  toward  a former  stage  of 
evt.lution  (atavism).  Tliere  is  no  doubt  that  the  condition  is  con- 
genital. Such  e^^es  are  not  accidents. 

In  discu.ssing  the  vertical  and  horizontal  pupils  in  cats  and  horses, 
the  opinion  may  he  ventured  that  it  was  nature’s  plan  to  permit  the 
cat,  which  in  a wild  state  lives  in  trees,  to  have  an  extended  vertical 
field,  while  the  horse,  which  lives  on  the  ground  has  need  of  an  ex- 


Catlike  Pupils  iu  Man.  ‘ ‘ Case  4.  ’ ’ 


Undilated.  Enlarged.  Dilated. 

Catlike  Pupils  in  Man.  Decking. 


tended  horizontal  field.  These  differences  in  the  direction  of  the 
slits  are  to  be  taken  as  an  expression  of  nature’s  effort  for  preserva- 
tion of  the  species. 

Cat-eye  refulgence.  Santos  Fernandes  {Cron.  Med.  Quir  de  la  Ila- 
ha.na,  V,  40,  p.  197)  reports  an  interesting  case  of  acquired  red  shine 
in  the  pupil  ot  a liealthy  man  who,  he  believes,  had  anemia  of  the 
retina  as  a consequence  of  a prolonged  visitation  to  tlie  tropics.  The 
l)upils  of  liis  eyes  would  emit  a striking  red  reflex  noticeable  in  the 
bright  light  as  well  as  iu  a darkened  room.  (See  Red  shine  in  this 
section.) 
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('enters  of  inhibition  for  light  reflex  and  dilatation.  Bach  and 
Meyer  {ArcMu.  of  Ophtlml.,  Vol.  LV  and  LVl)  ex])eriinenting  on 
lower  animals  claim  that  they  have  proven  the  existence  of  an  in- 
hibition center  for  the  light  reflex  and  also  an  inhibition  center  for 
pupillary  dilatation  in  the  upper  part  of  the  spinal  cord  and  the  lower 
part  of  the  fourth  ventricle  near  the  median  line.  Irritation  of  this 
part  alwaA'S  i)roduced  pupil  rigidity  and  miosis.  Irritation  of  the 
center  on  the  right  side  produced  rigidity  of  the  left  pupil.  Bach 
explained  the  miosis  present  in  this  experiment  by  stating  that  the 
more  powerful  sphincter  muscle  of  the  iris  acting  unopposed  results 
in  fixed  miosis.  Reichardt  {Arch.  f.  Psych,  a.  Nervenkr.,  Vol. 
XXXIX,  No.  1)  found  degeneration  of  endogenous  fibers  in  the  second 
and  third  cervical  segments  of  the  cord  in  the  area  between  the  pos- 
terior commissure  and  the  ventral  part  of  the  column  of  Goll  (the  so- 
called  Bechterew’s  intermediate  zone)  in  a series  of  cases  of  tabes  and 
paresis.  These  patients  all  presented  rigid  contracted  pupils.  He 
assumes  from  laboratory  studies  of  sections  of  the  upper  part  of  the 
spinal  cord  in  these  cases  that  there  are  four  pupillary  areas  in  the 
cervical  cord. 

1st.  Budge’s  center  (cilio-spinal  center).  2nd.  A pupillo-dilator 
center  in  the  upper  part  of  the  cervical  cord.  3rd.  An  inhibitory 
center  in  this  region  for  light  reflex.  4th.  A center  for  dilatation  of 
the  pupil  from  sensory  irritation  of  the  skin  of  the  neck. 

He  believes  that  psychical  and  sensory  stimuli  keep  the  pupils  in  a 
state  of  unrest  when  influenced  by  these  centers  in  contention  with 
the  pupillary  contraction  impulses.  Pupillary  contraction  and  rigidity 
results  when  these  centers  are  destroyed  as  in  tabes,  some  cases  of 
paresis,  profound  traumatism,  and  syringomelia  affecting  the  area 
lying  between  the  upper  dorsal  segment  of  the  cord  and  the  medulla. 
(See  Bach  and  Meyer’s  hypothetical  centers,  also  Motor oculi  nucleus.) 

Centripetal  and  centrifugal  fibers.  The  centripetal  fibers  of  the 
pupillary  light  reflex  arc  have  their  origin  in  the  retina,  the  end  organs 
being  more  abundantly  disposed  in  the  region  of  the  macula  lutea  and 
disposed  in  a less  abundant  manner  as  they  approach  the  periphery 
of  the  retina.  In  this  arrangement  they  simulate  the  distribution  of 
the  end  organs  of  the  visual  fibers  of  the  retina.  They  accompany  the 
visual  fibers  on  their  way  to  the  hrain,  those  originating  in  the  nasal 
side  of  the  retina  crossing  over  in  the  optic  chiasm  to  the  other  cerebral 
hemisphere,  while  those  originating  in  the  temple  side  of  the  retina 
pass  on  to  the  cerebral  hemisphere  on  the  same  side  without  crossing. 
They  are  the  coarse  fibers  noted  and  described  by  von  Gudden,  von 
Monakow  and  others.  (See  Physiology  of  the  pupil.) 
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‘When  they  reach  the  brain,  according  to  Bernheim,  they  bend  in- 
ward, pass  to  the  anterior  part  of  the  anterior  corpora  quadrigemina 
and  thence  to  the  sphincter  nucleus  in  the  anterior  portion  of  the 
nucleus  of  the  third  nerve.”  (Weeks  in  Posey  and  Spiller  on  The 
Eye  and  Nervom  System,  p.  291.) 

There  is  some  dispute  about  these  Hbers  entering  the  corpora  quadri- 
gemina. Experiments  on  monkeys  by  Perrier  and  Turner  (Brain 
1901,  Vol.  XXIV,  p.  27)  showed  the  pupil  reaction  was  not  abolished 
alter  the  corpora  quadrigemina  were  destroyed,  but  when  the  under- 

> mg  gray  matter  of  the  aqueduct  of  Sylvius  was  destroyed  the  pupil 
no  longer  reacted. 

Bechterew  (Arch.  f.  to.  ges.  Physiology,  XXXI,  s.  60)  experiment- 
ing on  dogs  made  the  following  observations : 

(1)  I^estroying  the  sphincter  nucleus  in  one  side  of  the  brain  caused 

OSS  of  direct  light  reflex  in  the  eye  on  the  same  side  and  loss  of  con- 
sensual reaction  to  the  fellow  eye. 

(2)  A lesion  of  one  side  of  the  third  ventricle  caused  loss  of  pupil 
reaction  on  the  same  side  but  did  not  aifect  the  vision. 

(3)  A lesion  of  both  sides  of  the  third  ventricle  caused  loss  of  pupil 
reaction  in  both  eyes  and  did  not  affect  the  vision. 

The  centrifugal  fibers  of  the  pupillary  light  reflex  arc  arise  from 
the  sphincter  nucleus,  pass  into  the  underlying  tissue  of  the  pons 
where  they  are  joined  by  fibers  from  the  ciliary  nucleus.  They  then 
pass  into  the  trunk  of  the  third  nerve  occupying,  according  to  Acker- 
man, the  central  part  of  this  nerve  trunk;  then  by  the  short  root  of 
the  ciliary  ganglion,  then  by  the  short  ciliary  nerves  (five  to  seven  in 
number)  to  the  posterior  part  of  the  globe,  passing  through  the  sclera 
and  forward  between  choroid  and  sclera  into  the  ciliary  body;  from 

the  anterior  posterior  of  which  they  pass  into  the  iris  tissue  and  to  the 
sphincter.”  (Weeks,  Z.  c.) 

(For  illustrations  showing  the  pathways  of  the  centripetal  and 
centrifugal  pupillary  fibers  see  General  consideratio^is  in  the  intro- 
duction to  this  section.) 

Cerebrospinal  meningitis.  Ballantyne  (Brit.  Med.  Jour.,  July, 
1907)  investigated  the  ocular  signs  in  this  disease  among  seventy-Miree 
cases.^  The  pupils  were  unequal  in  eighteen  cases.  They  were  dilated 
in  thirty-four  and  contracted  in  five  cases.  Hippus  was  present  in 
thirty-one  cases.  While  the  pupils  in  this  disease  present  no  con- 
stant behavior  they  usually  show  abnormality  which  fact  considered 
along  with  other  symptoms,  becomes  of  much  value  in  determining  the 
diagnosis  and  prognosis. 

Changing  pupil.  Erlenmeyer  (Berl.  hlin.  Wochensch.,  1912,  p.  539) 
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saw  bizarre  behavior  of  the  pupils  in  a woman  of  forty-eight.  They 
continued  to  change  their  forms ; sometimes  they  were  round,  at  other 
times  oval  and  still  other  times  dumb-bell  shaped  with  intermediate 
forms.  The  pupils  also  assumed  amceba-like  movements  at  times.  The 
case  was  one  of  hysteria  which  was  proven  definitely  by  other  tests. 

Coppez  (Soc.  Beige  d’ophtal.,  November  27,  1908)  reported  the 
case  of  a girl  who  had  mydriasis  of  one  eye  which  was  changed  into 
myosis  when  her  head  was  bent  forward.  The  myosis  was  accom- 
panied by  severe  pain.  After  the  superior  cervical  ganglion  was  re- 
moved the  pain  ceased  but  the  paradoxical  pupillary  contraction  per- 
sisted. 

The  patient  had  mediastinal  polyadenitis  and  Coppez  believes  that 
inclining  the  head  caused  the  enlarged  glands  to  press  on  the  cervical 
sympathetic  thus  causing  the  pupillary  change.  (See  Cyclic  contrac- 
tion and  dilataiion,  Wandering  pupil,  Jumping  pnpil  and  See-Saw 
pupils  in  this  section.) 

Cheyne-Stokes  respiration,  The  pupil  in.  Byrd,  of  Tampa  {Ophthal- 
mology, April,  1915,  Vol.  XI,  No.  3,  p.  517)  reports  the  case  of  a man 
of  twenty-one,  who  after  an  injury  developed  Cheyne-Stokes  respira- 
tion. He  noticed  that  at  times  the  pupil  was  dilated  and  other  times 
contracted.  The  patient  was  thoroughly  unconscious.  On  studying 
the  case  he  discovered  that  there  was  a relation  between  the  pupil  be- 
havior and  the  respiration.  The  pupil  did  not  respond  to  light,  but 
when  the  patient  had  the  slow,  labored  phase  of  breathing  the  pupils 
began  to  dilate,  reaching  a diameter  of  6 mm.  As  the  respirations 
quickened  the  pupils  became  contracted  and  when  the  respirations 
ceased  they  were  only  1 mm.  wide. 

He  explains  the  phenomena  in  an  ingenious  manner  by  assuming 
that  there  was  a clot  compressing  the  sympathetic  fibers  along  the 
walls  of  the  carotids.  This  pressure  was  made  intermittent  by  the 
respiratory  act  and  the  blood  pressure  within  the  carotid.  During  the 
abeyance  of  the  respiration,  when  the  blood  pressure  was  highest, 
there  was  great  pressure  on  the  nerve  fibers  between  the  vessel  walls 
and  the  clot,  causing  inhibition  of  the  pupillary  dilating  mechanism 
and  resulting  in  contraction ; while  in  the  phase  of  violent  inspiratory 
efforts  the  carotid  blood  pressure  was  reduced,  causing  the  pressure 
on  the  fibers  between  the  vessel  walls  and  the  clot  to  be  released  and 
thus  permitting  resumption  of  the  dilating  pupillary  function. 

Chiasm,  disease  of  the.  In  a case  of  pituitary  tumor  affecting  the 
chia.sm,  reported  by  Raggel  {Arch,  of  Ophth.,  January,  1901,  Vol. 
XXX,  No.  1,  j).  3)  the  pupils  were  both  equal  and  contracted  normally 
in  spite  of  the  fact  that  the  patient  had  bitemporal  hemianopsia.  In 
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cases  reported  by  C,  B.  Walker  (see  Wernicke’s  test)  the  pupils  would 
respond  to  light  even  in  the  presence  of  blindness,  leading  him  to 
assume  that  the  pressure  on  the  optic  chiasm  and  optic  nerves  at  the 
foramen  had  destroyed  the  conductivity  of  the  visual  fibers  leaving 
the  pupillomotor  fibers  still  capable  of  conducting  impulses.  In  a case 
which  the  writer  of  this  section  examined  recently,  the  pupil  of  the 
right  eye,  which  was  entirely  blind,  showed  a slight  but  unmistakable 
response  to  the  direct  light  test. 

Chorea,  The  pupillary  signs  in.  Langmead  {Lancet,  January  18, 
1908)  made  the  following  observations  regarding  the  pupillary  be- 
havior in  cases  of  chorea. 

I.  Hippus.  In  severe  cases  of  chorea  of  the  sthenic  type  the  move- 
ments of  the  pupils  were  extraordinarily  wide  and  rapid.  He  thought 
the  jerky  movements  of  the  eyelids  which  accompanied  the  hippus 
was  responsible  for  the  bounding  pupils. 

II.  Abnormal  reflex  in  the  presence  of  u7iequal  pupils.  He  noticed 
the  pupils  may  be  unequal  in  chorea  in  which  case  it  was  observed  that 
the  larger  contracted  more  slowly  and  that  there  was  inharmonious 
action,  one  contracting  while  the  other  remained  dilated. 

III.  Miosis.  The  contraction  of  the  pupil  to  light  and  convergence 
was  unstable;  often  fatigue  was  expressed  more  in  one  than  in  the 
other  pupil,  so  that  one  would  dilate  and  the  other  remain  contracted. 

IV.  Varying  inequality  of  the  pupils.  One  pupil  may  remain  per- 
sistently smaller  than  the  other  at  one  examination  and  at  the  next 
examination  the  reverse  may  be  observed. 

V.  Eccentric  pupils  are  occasionally  present.  These  bizarre  pupils 
were  noted  in  cases  where  articular  rheumatism  accompanied  the 
chorea. 

Chorioretinitis.  Bach  states  that  in  chorioretinitis,  involving  the 
macula  with  considerable  loss  of  central  vision,  the  light  reaction  is 
usually  feeble. 

Choroiditis  disseminata.  Bach  states  that  in  choroiditis  dissemi- 
nata, if  the  visual  acuity  is  normal,  the  pupillary  reaction  is  un- 
affected. In  a ease  of  areolar  choroiditis,  where  a large  sector  of  the 
field  was  defective,  it  could  be  shovm  that  a weak  pupillary  reaction 
followed  illuminating  that  area. 

Choroiditis,  Suppurative.  Pichler  {Klin.  Mon.  f.  Aug.,  54,  p.  682) 
observed  in  three  cases,  two  of  pneumonia  and  one  of  septicemia,  sud- 
den mydriasis  and  paralysis  of  the  sphincter  pupill®  as  the  first  symp- 
tom of  an  oncoming  suppurative  choroiditis. 

Ciliary  processes  in  the  pupillary  area.  A case  reported  by  Schweig- 
ger  {Arch,  of  Ophth.,  January,  1902,  Yol.  XXXI,  No.  1,  p.  24)  was 
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that  of  a man  of  twenty-two,  who  had  a congenital  cataract  and  mi- 
crophthalmos in  one  eye  and  nystagmus  of  the  other.  In  the  cata- 
raetous  eye,  under  a mydriatic,  he  demonstrated  about  twenty-five 
ciliary  processes  which  occupied  more  than  half  of  the  pupillary  niar- 
gin.  (See  tig.)  Another  case  in  the  same  reference  (p.  27),  reported 
by  Fisher,  of  London,  was  that  of  a girl  of  four  who  had  a shrunken 
opaque  lens  in  the  right  eye  in  which  the  pupil  was  slightly  displaced. 
The  cataract  present  was  drawn  to  one  side  by  adhesion  with  the 
ciliary  and  upon  dilating  the  pupil  with  atropin  there  was  a series  of 
finger-like  processes  which  were  unmistakably  the  ciliary  processes 
numbering  from  12  to  20. 

CUianj  ganglion  a.s  the  peripheral  center  of  the  pupillary  reflex. 
i^Iariana  (Internat.  Cong.  Budapest,  1909)  from  his  experiments  on 
monkeys  which  consisted  in  transplanting  the  external  rectus  to  take 


Ciliary  Processes  in  the  Pupillary  Area.  Schweigger’s  Case. 


the  place  of  the  internal  rectus,  et  vice  versa,  in  which  it  was  noted 
that  the  pupil  contracted  on  convergence,  and  from  observations  of 
pupil  reaction  in  convergence  among  tabetics  presenting  Argyll-Rob- 
ertson  pupils,  concludes  that  it  is  quite  possible  that  the  cdiary  gang- 
lion is  the  peripheral  center  for  pupillary  reflex  contraction  and  that 
the  inward  rotation  of  the  eyeball  stimulates  the  sphincter  to  contract 


because  the  short  ciliary  nerves  are  stretched.  This  hypothesis  would 
tend  to  prove  why  the  pupil  contracts  when  the  eyeball  is  grasped  with 
forceps  and  against  the  patient’s  will  is  made  to  converge  toward  the 
nose.  (See  Convergence  and  contraction,  also  Sympathetic  roots  in 
this  section.  See  also  Argyll-Rohertson  pupil,  cause  of,  in  this  sec 
tion.) 

(^orain  action— diagnostic  value.  Henderson  and  Parsons  {Ophthal. 
licr..  November,  1908)  experimenting  on  rabbits  proved  the  action  of 
cocain  in  dilating  the  puiiil  to  be  duo  to  stimulation  of  the  sympa- 
thetic nerve  fibers  in  the  iri.s.  The  left  cervical  symiiathetic  was  re- 
moved. The  next  day  both  pupils  reacted  to  light,  the  right  measuiing 
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8 mm.  and  the  left  5 mm.  Repeated  instillations  of  cocain  drops 
caused  the  right  pupil  to  dilate  to  11  mm.  but  produced  no  effect  on 
the  left.  (See  Mydriatics  and  Myotics  in  this  section.) 

Colohonm  of  the  iris,  Congenital.  In  cases  of  congenital  coloboma 
the  pupil  assumes  a pear-shape  if  there  is  present  an  appreciable  apron 
of  iris  at  the  periphery  of  the  coloboma,  or  U-shape  if  the  actual  gap 
runs  quite  to  the  periphery.  In  the  latter  case  the  ciliary  body,  the 
suspensory  ligament  of  the  lens  and  in  some  instances  the  choroid  and 
retina  also  present  colobomatu,  all  being  in  the  same  general  antero- 
posterior pathway  and  representing  the  delayed  closure  of  the  ocular 
cleft  in  the  embryo.  Thus  the  location  of  the  cleft  in  the  iris  is  usually 
down  and  in,  although  some  cases  present  the  anomaly  downward  and 
others  down  and  out.  The  condition  is  apt  to  be  bilateral,  although  in 
some  cases  is  only  unilateral.  Associated  with  complete  coloboma  of 
the  iris  are  very  often  found  microphthalmus  and  congenital  cataract. 
The  cornea  is  usually  small,  the  anterior  chamber  deep  and  the  pupil 
seems  actually  displaced  downwards  and  inwards.  The  condition 
closely  simulates  the  appearance  of  the  pupil  seen  after  an  iridectomy 
operation,  but  on  close  inspection  it  is  easily  found  that  no  operation 
has  been  performed,  for  the  uveal  pigment  is  traced  around  the  edges 
of  the  coloboma  in  a way  that  is  never  seen  after  operation.  More- 
over the  cryptic  markings  of  the  lesser  circle  of  the  iris  shows  a grad- 
ual decrease  in  the  meshes  of  the  lace-like  pattern  of  the  iris  which 
tells  at  once  that  the  condition  is  a natural  one.  The  pupils  will 
respond  to  light  both  singly  and  associately,  showing  that  the  cerebral 
nuclei,  as  well  as  the  pupillary  light  reflex  arc  and  the  cilio-spinal  cen- 
ter with  the  cervical  sympathetic  from  the  same,  are  normally  active. 
The  contraction  of  the  pupil  is  mostly  done  at  the  expense  of  the  larger 
contour  of  the  parabolic  curve  of  the  pupil  circumference  proving  that 
the  sphincter  is  an  incomplete  or  unclosed  one,  being  attenuated  at  the 
open  extremity  where  it  fades  into  the  iris  tissue  stroma. 

How  do  we  account  for  upward,  inward  or  outward  congenital  colo- 
boma ? Here  we  must  look  for  causes  other  than  failure  of  the  ocular 
cleft  to  close  in  embryo.  The  first  thing  that  attracts  one’s  attention 
in  these  cases  is  that  no  corresponding  dehiscence  exists  in  the  ciliary, 
suspensory  ligament,  choroid  or  retina,  as  is  so  often  seen  associated 
with  the  classical  coloboma  due  to  delayed  closure  of  the  ocular  cleft. 
Moreover,  the  eye  is  fully  developed  and  the  function  is  apt  to  be 
quite  up  to  the  normal  standard.  We  must  then  accept  Collins’  and 
Mayou’s  theory  {Pathology  and  Bacteriology  of  the  Eye — Pyle)  that 
in  these  atypically  placed  colobomata  of  the  iris  the  fault  is  due  to 
retardation  or  hindrance  on  the  part  of  that  portion  of  the  edge  of  the 
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primary  optic  cup  in  its  effort  to  force  its  way  under  the  anterior  vas- 
cular sheatli  of  the  lens  which  corresponds  to  the  location  of  the  colo- 
boma.  As  mentioned  previously  (vide  Aniridia)  there  may  exist  ab-. 
normal  adhesion  between  the  lens  and  its  anterior  vascular  membrane 
at  one  or  more  points  which  will  arrest  the  iris-forming  cells  growing 
from  the  edge  of  the  optic  cup  behind  that  point,  thus  causing  a gap 
beyond  the  point  of  such  attachment.  Indeed  cases  have  been  met 
with  in  which  there  are  two  or  more  colobomata  in  the  same  eye,  a 
thing  impossible  to  explain  by  any  other  hypothesis  than  that  of  ab- 
normal adhesion  between  the  lens  and  its  anterior  investing  vascular 
sheath  to  hold  back  the  cells  growing  between  to  form  the  iris. 

In  other  cases  we  find  that  the  pigment  layer  of  the  iris  was  formed 
to  the  normal  limitation,  but  that  the  substantia  propria  had  failed  to* 
develop  in  a path  running  from  the  pupil  margin  to  the  periphery, 
thus  producing  a pseudo-colohoma. 

The  pigment  layer  is  the  product  of  the  epiblastic  tissue  found  at 
the  edge  of  the  secondary  optic  vesicle,  while  the  iris  stroma  (blood- 
vessels, muscles,  connective  tissues)  is  the  product  of  adjacent  meso- 
blast  growing  apace  with  the  epiblastic  cells.  It  is  hard  to  conceive 
that  the  one  could  grow  past  an  adhesion  and  the  other  not,  so  that 
here  we  assume  that  a ciliary  bloodvessel-stem  impedes  the  one  and  not 
the  other.  In  pseudo-coloboma  the  pupil  by  simple  inspection  seems 
to  be  like  a key-hole  if  running  to  the  periphery  of  the  iris,  but  on 
focal  illumination  and  examination  with  a magnifying  lens  it  is  found 
that  the  actual  pupil  is  round  and  central,  the  brown  pigment  of  the 
posterior  surface  of  the  iris  being  exposed  through  a gap  in  the  iris 
stroma.  Collins  and  Mayou  state, — “This  defective  deposition  of 
stroma  is  most  likely  due  to  an  absence  of  some  of  the  anterior  ciliary 
bloodvessels.” 

Colohoma  of  the  iris  in  each  eye,  occ^irring  in  five  generations. 
Simeon  Snell  reported  before  the  Ophthalmological  Society  of  the 
United  Kingdom  (Oplith.  Record,  Vol.  XVII,  No.  4)  this  condition  in 
members  of  the  same  family  through  five  generations.  There  were 
forty-one  persons  accounted  for  in  these  generations ; twelve  of  whom 
were  affected,  five  males,  and  seven  females.  In  the  great,  great, 
grand-children  the  defect  was  complete  aniridia. 

Color  changes  of  iris  in  pupil  contraction.  Gstettner  (Ptleuger’s 
Arch.  f.  d.  ges.  Phys.,  CV,  p.  355)  finds  that  the  iris  becomes  lighter  in 
color  when  the  pupil  contracts  and  that  the  change  of  color  is  due  to  a 
yellowish  tinge,  brown  irides  becoming  tan-like,  blue  irides  becoming 
gray-like,  etc.  lie  explains  these  changes  of  color  by  the  theory  that 
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- tliere  is  a double  refraction  of  light  by  the  fibers  of  the  iris  which  are 
on  the  stretch. 

The  change  of  color  by  other  observers  has  been  ascribed  to  the 
widening  of  the  iris  crypts  and  obliteration  of  its  folds,  thus  separating 
the  pigment  cells  and  exposing  the  interstitial  tissue  which  is  non-pig- 
men  ted.  Still  others  maintain  the  change  of  color  is  a pure  inter- 
ference phenomenon. 

Comparative  reaction.  Abelsdorf  {Archiv.  /.  Augenheilh.,  XVIII, 
No.  1,  p.  64),  experimenting  on  day  birds  as  regards  the  pupillary 
reaction  to  differently  colored  lights,  noticed  a diminished  reaction  to 
red  and  green  in  comparison  with  man;  but  in  night  birds  (owls)  the 
reaction  to  these  colors  was  excessive.  In  dogs’  eyes  the  pupils  react 
to  colored  lights  the  same  as  in  human  beings,  but  in  eats’  eyes  the 
pupils  reacted  similarly''  to  those  of  owls,  i.  e.,  there  was  increased  re- 
action to  blue  light. 

Concentric  contraction  of  the  pupil.  TIummelseim  {Arch,  of 
Ophth.,  November,  1910,  \ol.  XXXIX,  p.  579)  experimented  to  deter- 
mine whether  the  contraction  in  miosis  takes  place  concentrically  or 
whether  the  center  of  the  pupil  alters  its  position  when  the  sphincter 
contracts.  The  apparatus  designed  by  Hess  was  used  in  130  eyes. 
The  result  showed  in  all  cases  that  the  pupil  contracts  and  dilates  con- 
centrically. This  observation  differs  from  those  of  Grossman  {Brit. 
Med.  Jour.,  September,  1903,  p.  11)  who  concluded  that  during  con- 
traction the  pupil  moves  inwards  and  upwards,  inwards  and  down- 
wards, or  simply  inwards. 

Most  observers  are  agreed  that  the  pupil  contracts  concentrically 
and  that  the  geometric  center  of  the  dilated  pupil  is  the  same  exact 
point  as  the  center  of  the  same  pupil  when  contracted. 

Concussio-ociih.  If  the  pupil  shows  displacement,  ovality  and  slight 
dilation,  there  is  in  case  of  direct  traumatism  to  the  eyeball  a strong 
likelihood  of  the  lens  being  partly  dislocated.  The  pupil  is  not  un- 
usually paralyzed  from  direct  injury.  -If  paralysis  comes  on  grad- 
ually after  several  hours  it  often  remains  permanently  dilated.  (See 
also  Dislocati-on  of  the  lens  in  this  section.) 

Congenital  anomalies,  (a)  Acoria.  (b)  Persistent  pupillary  mem- 
brane. (e)  Aniridia,  (d)  Coloboma  of  iris,  (e)  Polycoria.  (f) 
Coi ectopia,  (g)  Microcoria,  (h)  Discoria,  (i)  Iridodonesis  (con- 
genital). 

For  description  and  discussion  of  each  of  these  anomalies  see  else- 
where in  this  section  alphabetically  arranged.  (See,  also,  Coloboma 
familias,  this  section.) 

Congenitally  dilated  and  immobile  pnp^ils.  Emersonj  (Knapp’s 
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Archiv.,  January,  1911,  Yol.  XL,  No.  1,  p.  103)  reported  the  case  of  a 
child  of  twelve  who  presented  dilated  and  immobile  pupils  with  no 
other  evidence  of  ocular  disease  since  birtli.  The  pupils  did  not 
respond  to  any  t&st  but  the  vision  and  accommodation  were  normal.  In 
the  discussion,  Wootton  suggested  that  there  was  probably  congenital 
absence  of  the  cerebral  nuclei  controlling  the  pupils. 


Right  Eye.  Left  Eye. 

Case  I. — Mother. 


Right  Eye.  Left  Eye. 

Case  II. — Daughter. 

Posey’s  Cases  of  Congenital  Pupillary  Anomalies  in  Mother  and  Daughter. 

{Annals  of  Ophth.,  Jan.,  1903.) 

Contour,  Irregular.  Irregular  contour  of  the  pupil  margin  may  be 
normal,  as  from  congenital  (embryologic)  causes.  Piltz  noticed  in 
normal  infants  that  at  birth  the  pupil  contour  is  not  always  regular 
but  soon  becomes  so.  lie  thinks  this  irregularity  is  due  to  tardy  func- 
tion of  parts  of  the  iris.  Flattening  of  the  pupil  on  one  side  may  occur. 
If  the  upper-outer  half  is  affected  in  this  manner  there  may  be  a 
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lesion  of  the  outer  branch  of  the  long  ciliary  nerves ; if  the  lower-inner 
half  presents  this  appearance,  the  lesion  may  be  in  the  inner  branch 
of  the  long  ciliary  nerves. 

Posterior  synechia  cause  contour  irregularities  from  mechanical 
causes  as  well  as  from  the  organized  adventitious  tissue  that  tends  to 
flatten  the  pupil  at  the  site  of  tlie  adhesion. 

Irregularities  of  contour  may  be  (a)  shifting  or  (li)  fixed.  Shifting 
irregularities  of  eojitour  from  one  side  of  the  pupil  margin  to  another 
have  been  observed  by  Piltz  in  progressive  paralysis  and  catatonia. 
Fixed  irregularities  are  quite  frequently  seen  in  tabes  and  paresis  and 
constitute  an  early  sign.  The  “battered”  contour  of  the  pupils  seen 
in  these  diseases,  and  other  degenerative  diseases  of  their  class,  is  due 
to  paralysis  of  terminal  nerve  strands  supplj^ing  one  or  more  segments 
of  the  iris,  causing  in  time  a sectional  atrophy  of  the  iris  musculature. 
(See  also  Defoimed  pupils  in  this  section.) 

Consensual  reaction,  Measurements  of  the  pupils  in.  Abelsdorf  and 
Piper  {Archiv.  f.  Augenh.,  LI,  4,  p.  366)  photographed  the  pupils 
when  one  was  in  shadow  and  the  other  exposed  to  bright  light  and 
found  they  were  unequal  in  size.  The  pupil  exposed  to  light  was  in- 
variably smaller  than  the  on6  in  shadow.  This  test  proves  conclusively 
that  the  common  teaching  that  the  pupils  are  equal  by  this  test  is 
eri  oneous.  Moreover,  that  the  illumination  should  be  equal  in  exami- 
nation of  the  pupils  for  pathologic  inequality. 

Contraction,  Primary  and  secondary.  The  normal  pupil  strongly 
contracts  when  the  eye  is  suddenly  exposed  to  light,  then  there  follows 
a slight  relaxation  in  the  same  light  and  another  contraction  which 
is  not  quite  so  marked  as  the  first  and  after  that  the  pupil  usually 
remains  contracted.  In  some  cases  the  pupil  will  perform  a series 
of  slow  contractions  and  rapid  relaxations  (oscillations)  while  in 
morbid  states  (neurasthenia,  etc.)  the  rebounding  of  the  pupil  is 
striking  and  characteristic  (hysteria,  insanity,  etc.)  when  it  is  known 
as  “hippus.”  The  primary  action  is  often  so  quick  as  to  escape 
detection ; the  secondary  reaction  is  usually  the  first  seen. 

Cont)  actio^i  from  congestion.  The  iris  is  a vascular  membrane.  If 
the  arteries  and  capillaries  which  it  contains  are  distended  from  any 
cause  the  pupil  contracts.  This  contraction  is  in  proportion  to  the 
amount  of  distension  and  therefore  is  an  index  of  itself  of  the  severity 
of  the  reaction  which  causes  the  vascular  congestion.  In  cases  of 
iritis  the  iris  is  swollen.  It  therefore  occupies  more  room  than  before. 
Since  it  cannot  spread  at  the  root  which  is  fixed  it  needs  must  spread 
at  the  margin  of  the  pupil  which  is  motile.  Thus  the  pupil  is  made 
to  contract  in  congested  states  of  the  iris. 
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Cantractio-n  to  light  and  convergence  compared.  Kanngieser  {Arch, 
f.  Augenh.,  LXIII,  No.  1,  1909)  tested  to  determine  the  comparative 
contraction  of  tlie  pupil  by  light  and  convei’gence.  For  convergence 
the  eyes  were  fixed  on  a point  six  inches  away  and  for  the  light  reflex 
test  a gas  light  was  placed  twelve  inches  from  the  eyes  and  allowed  to 
illuminate  the  macular  region.  The  width  of  the  pupil  in  each  test 
was  taken  with  Haab’s  pupillometer.  One  hundred  healthy  persons  of 
various  ages  were  thus  examined.  The  following  table  shows  the  dif- 
ference in  the  average  diameter  of  the  pupil  in  millimeters  in  five  suc- 
cessive decades  of  life  beginning  with  the  second. 


Age. 

Light. 

Convergence. 

Differe 

10  to  19  ■ 

3.5 

3.9 

+0.4 

20  to  29 

3.5 

3.7 

+0.2 

30  to  39 

3.7 

3.6 

—0.1 

40  to  49 

3.3 

3.1 

—0.2 

50  to  59 

3.1 

2.9 

—0.2 

From  this  table  we  note  that  from  the  tenth  to  the  thirtieth  years 
contraction  from  light  is  greater  than  from  convergence,  while  from 
the  thirtieth  to  the  sixtieth  years  the  pupils  contract  more  to  con- 
vergence than  to  the  light.  It  was  observed  in  this  series  that  sex 
and  coloration  of  the  iris  have  no  influence  on  the  size  of  the  pupil 
by  these  tests.  (See  Width  of  pupil,  this  section.) 

The  pupil  has  been  made  to  contract  when  the  internal  rectus  was 
stimulated  to  produce  convergence  by  means  of  the  electric  current, 
when  no  central  effort  was  employed,  and  even  when  the  eyeballs  have 
been  grasped  by  forceps  and  made  to  converge  without  muscular  con- 
traction, pupillary  contraction  was  noted. 

Bernheimer  {Neurolog.  Centralb.,  XV.  11,  1899)  holds  that  these 
experiments  go  to  prove  that  there  can  be  no  cerebral  center  for  con- 
vergence contraction.  (See  Ciliary  ganglion  as  a peripheral  center  in 
this  section,  also  Miosis.) 

Corectopia.  The  normal  position  of  the  pupil  is  not  always  in  the 
geometric  center  of  the  iris,  hut  is  often  slightly  toward  the  nasal  side 
and  a little  below  the  horizontal  meridian.  In  many  cases  this  normal 
eccentric  position  of  the  pupil  is  apparent  at  a glance  but  such  is  not 
called  “corectopia”  unless  the  pupil  placement  is  conspicuously  eccen- 
tric. The  condition  is  associated  very  often  with  a downwards  and  in- 
wards subluxation  of  the  lens,  but  the  ectopia  lentis  may  be  so  slight 
as  to  baffle  one’s  attempt  to  prove  its  existence.  The  inference  is  that 
the  ciliary  processes,  and  likewise  the  three  sets  of  fibers  of  the  sus- 
pensory ligament  in  that  (luarter  of  the  zonule  toward  which  the 
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pupil  is  misplaced,  are  either  not  formed  at  all  or  are  rudimentary 
and  imperfect  which  causes  lens-tilting  in  the  act  of  accommodation, 
so  that  we  may  suspect  cyclophoria  in  cases  of  corectopia.  These  pu- 
pils do  not  dilate  and  contract  to  the  normal  extent,  either  when 
tested  with  alternate  light  exposure  or  with  mydriatic  and  myotic 
drugs,  leading  us  to  the  opinion  that  the  musculature  is  deficient. 
The  condition  is  non-pathological  and  constitutes  a congenital  curi- 
osity, but  it  has  its  practical  side  in  that  there  is  usually  associated  a 
certain  amount  of  amblyopia  partly  due,  it  would  seem,  to  the  partial 
microphthalmia  present  and  partly  to  the  frustrated  elfort  of  normal 
accommodation.  Lens-astigmatism  is  usually  demonstrable.  If  the 
pupil  can  be  sufficiently  dilated  with  a mydriatic  the  lens-margin  may 
be  seen  to  be  notched  on  the  side  corresponding  to  the  narrowest  side 
of  the  iris,  proving  conclusively  that  suspensory  fibers  are  wanting 
in  this  locality  and  that,  indeed,  subluxio-lentis  is  present;  but  often 
this  finding  is  not  demonstrable. 

Corectopia  is  a developmental  fault  and  not  the  result  of  intrauter- 
ine iritis  as  has  been  thought.  Just  why  this  anatomical  defect  forms 
is  unknown,  but  the  inference  is  that  there  was  “defective  budding 
out  of  the  ciliary  processes  as  well  as  of  the  iris,  so  that  the  adhesions 
between  them  and  the  lens  capsule  which  become  the  suspensory  lig- 
ament failed  to  form”  (Collins  and  Mayou  Pathology  and  Bacteriology 
of  the  Eye — Pyle.) 

Corectopia  like  other  congenital  anomalies  has  been  often  found  in 
eases  where  the  parents  are  blood  relatives,  e.  g.,  first-cousins.  In 
some  cases  there  is  no  ascribable  cause.  The  condition,  which  is  usu- 
ally present  in  both  eyes,  is  conspicuous  but  there  is  no  remedy  to 
offer  other  than  the  proper  attention  to  the  refraction  anomaly  usually 
present.  Traumatic  corectopia  is  another  condition  which  is  men- 
tioned elsewhere  in  this  section. 

Here  owing  to  the  flaccidity  of  the  iris  tissue,  aided  by  the  gush  of 
aqueous,  a perforating  wound  of  the  cornea  permits  the  iris  to  be 
forced  into  it,  causing  the  pupil  to  be  drawn  in  the  direction  of  the 
injury.  Usually  a pear-shaped  contour  results. 

Corescope.  (The  terms  “corescope”  and  “pupillometer”  are  syn- 
onymous.) De  Surel  {Rev.  gen.  d^ophtal.,  XXIV,  p.  289),  describes 
his  corescope  which  consists  of  a frame  in  which  two  black  threads 
are  so  arranged  that  they  form  an  acute  angle  like  the  letter  V.  The 
frame  is  passed  in  front  of  the  eye  until  the  two  threads  correspond 
to  the  margins  of  the  pupil.  The  diameter  is  then  read  from  a scale 
on  the  frame.  (For  a description  of  other  instruments  used  in  meas- 
uring  the  pupil,  see  Pupillometer.) 
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Cortical  blindness,  Graefe's  reaction  in.  It  has  long  been  known 
(Graefe)  that  in  complete  bilateral  cortical  blindness  the  reaction 
of  the  pupils  to  light,  despite  the  complete  absence  of  all  perception 
of  light,  is  extremely  striking,  Knies  reports  the  case  of  a btjy  with 
bilateral  cortical  blindness  whose  pupils  reacted  perfectly  to  light 
and  moreover  who  would  direct  his  eyes  toward  a source  of  light  held 
to  one  side  and  would  also  close  his  eyes  as  if  to  protect  them  from 
the  strong  light  held  directly  in  front  of  them  and  this,  too,  in  spite 
of  the  fact  that  he  did  not  possess  the  faintest  perception  of  light. 
Cramp  {pupil)  as  a cause  of  pain.  Fridenberg,  of  New  York 
{Oplithal.  lice.,  August,  1905,  Vol,  XIV,  No,  8,  p,  357),  analyzes  and 
compares  the  various  theories  as  to  the  cause  of  pain  iii  the  eyes  when 
suddenly  dazzled  with  light,  and  also  the  pain  associated  with  the 
presence  of  a foreign  body  in  the  eye,  abrasion  of  the  cornea,  iritis, 
cj'clitis,  etc.  The  retinal  fibers  are,  in  themselves,  incapable  of  trans- 
mitting painful  sensations  for  they  are  specialized  nerve  fibers  con- 
cerned solely  in  transmitting  sensations  of  light.  But  the  stimulation 
of  the  pupillomotor  fibers  in  the  retiha  by  light  causes  reflex  contrac- 
tion of  the  pupil  and  this  reaction  to  glare  may  be  so  sharp  and  sud- 
den that  cramp  of  the  sphincter  pupillae  results.  Pain  is  always  a 
symptom  of  cramp  in  any  muscle  of  the  body  and  the  sphincter  iridis 
is  no  exception.  The  pain  incited  by  the  entrance  of  a foreign  body 
in  the  eye,  or  an  abrasion  of  the  cornea,  etc,,  is  due  to  direct  insult 
to  sensory  nerve  endings  in  the  cornea, 

Fridenberg  says, — “The  matter  may  be  understood  if  we  admit  that 
pain  is  not  strictly  connected  with  special  ejferent  nerves,  but  re- 
sults from  excessive  excitation  of  any  centripetal  nerves,”  The  locali- 
zation of  this  reflex  pain  is  very  inexact.  Von  Frey  states  the  optic 
nerve  is  incapable  of  painful  sensation  and  he  believes  the  pain  from 
dazzling  is  due  to  violent  contraction  of  the  sensitive  iris,  Nagel 
(Klin.  ni.  f.  Augenh.,  XXXIX,  p,  879),  tested  this  view  by  dilating 
the  pupil  with  homatropin  and  subjecting  the  patient  to  glare  to  see 
if  pain  resulted.  He  found  that  in  spite  of  the  dilated  pupil,  which 
admitted  much  more  light,  there  was  no  pain  to  this  test.  He  therefore 
agrees  with  von  Frey  that  photophobia  and  pain  are  due  to  tonic 
spasm  of  the  sphincter  pupillae,  Axenfeld  accepts  this  view  to  ex- 
plain the  beneficial  action  of  atropin  in  cutting  short  the  photophobia 
of  phlyctenular  keratitis.  But  Bjerrum  {Hospitalstid,  May  6,  1903), 
disagrees  with  these  observers  and  states  that  the  contraction  of  the 
pupil  has  little  if  anything  to  do  with  causing  pain  in  the.se  cases. 
He  thinks  the  pain  is  of  a reflex  nature  ]n*oceeding  from  the  optic 
tracts  to  the  sensitive  tracts  of  the  eye.  The  latter  are  hyperesthetic 
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and  the  ordinarily  non-painfnl  stimuli  set  up  in  these  patients  a painful 
response  on  accoun.t  of  their  exaggerated  sensibility.  This  opinion 
he  holds  supported  or  proven  by  the  fact  that  the  pain  is  more 
promptly  relieved  in  abrasion  of  the  cornea  and  phlyctenular  kerati- 
tis by  the  use  of  eoeain  drops  in  the  eye  than  by  atropin  on  account 
of  the  anesthetic  influence  of  the  former  on  the  sensory  nerve-endings 
of  the  cornea.  Bjerrum  tlierefore  holds  to  the  theory  of  Handheld 
Jones  that  the  photophobia  of  phlyctenular  keratitis  is  the  expres- 
sion of  a primary  hyperesthesia  of  the  retina  induced  by  defective 
nutrition  and  a weakened  constitution,  and  is  not  due  to  cramp  of  the 
iris  and  contracted  pupil.  lie  states  further  that  eserin  solution 
will  contract  the  pupil  and  stimulate  a tonic  spasm  of  tlie  sphincter 
pupillffi  more  completely  than  does  a l)right  light,  and  causes  no 
pain.  But  Fridenberg  points  out  that  this  contraction  of  the  pupil 
takes  place  gradually  and  that  it  is  therefore  different  from  the  spasm- 
contraction  so  quickly  induced  by  glare.  Bjerrum  says  that  the 
pain  in  photophobia  associated  with  phlyctenular  keratitis  is  always 
in  the  affected  ej^e  although  the  pupil  of  the  unaffected  contracts 
as  sharply  and  as  much  as  that  of  the  affected.  Fridenberg  answers 
this  by  stating  that  the  pain  in  this,  as  in  abrasion  of  the  cornea,  etc., 
is  due  to  direct  irritation  of  the  sensory  nerve  endings  in  the  cornea 
and  should  not  be  confused  with  the  reflex  pain  due  to  iris  cramp. 
This  observation  is  further  strengthened  by  Bjerrum ’s  own  argument 
as  to  the  anodyne  action  of  cocain  as  compared  with  atropin,  for  the 
nerve-endings  are  anesthetized  with  cocain.  Bjerrum ’s  view  that  the 
irritation  is  in  the  perceptive  mechanism  and  is  referred  from  the 
optic  nerve  to  the  sensitive  tracts  in  the  eye,  and  that  the  spasm  of  the 
eyelids  is  a defensive  effort  of  nature  to  protect  the  retina  from  the 
light,  is  rebutted  by  the  fact  that  in  abrasions  of  the  cornea,  foreign 
body  in  the  eye,  phlyctenular  keratitis,  etc.,  the  pain  is  present  when 
the  eyelids  open  and  shut  in  the  dark. 

Roemer  opposes  the  view  of  Nagel  and  Axenfeld  that  cramp  of 
the  pupil  causes  the  pain  and  photophobia,  on  the  grounds  that  no 
such  analogy  occurs  in  any  other  muscle  of  the  body,  that  pain  does 
not  accompany  sudden  and  violent  contraction  of  any  muscle,  but 
Fridenberg  points  out  that  the  analogy  does  exist  in  the  ease  of 
cramp  which  is  very  painful  and  may  occur  in  any  muscle  and  states 
that  Roemer  neglects  the  factor  of  adaptation  that  plays  the  most  im- 
portant role  in  physiological  muscular  action.  Roemer  agrees  with 
Bjerrum  that  eserin  contraction  of  the  pupil  is  not  painfid  and 
therefore  rules  out  the  argument  that  pain  is  due  to  contraction  of 
the  pupil,  but  Fridenberg  reiterates  that  it  is  not  the  contraction  of 
the  pupil  alone  that  causes  the  pain  but  the  sudden,  startling  and 
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cramp-like  contraction  which  incites  the  pain,  photophobia  and  bleph- 
arospasm. Eserin  requires  from  five  to  fifteen  minutes  to  induce 
miosis  and  the  muscle  becomes  adapted  in  this  time.  Roemer  argues 
that  he  instilled  eserin  in  the  eye  and  found  that  bright  light  caused 
much  less  dazzling  and  pain,  but  Fridenberg  answers  this  by  stating 
that  in  this  instance  the  fibers  of  the  sphincter  were  already  adapted 
to  the  contraction  impulse  and  so  were  prepared,  as  it  were,  for  the 
added  reflex  contraction  to  light.  Fridenberg  draws  a sharp  con- 
trast between  the  pain  associated  with  tonic  spasm  of  the  sphincter 
iridis  induced  by  glare  and  the  pain  associated  with  inflamed  or  irri- 
tated nerve-endings  of  the  cornea  with  which  we  also  find  contracted 
pupil  as  a common  symptom.  The  former  is  best  illustrated  by  the 
sharp  discomfort  that  is  felt  in  normal  eyes  when  exposed  to  sudden 
glare  after  being  adapted  to  comparative  darkness.  “The  sudden 
spasm  of  the  pupillary  sphincter  causes  an  aching,  colicky  pain  which 
by  analogy  with  similar  conditions  in  other  muscular  structures  is 
due  to  sudden  stretching  of  the  iris  tissues  and  which  is  relieved  in  a 
second  or  two  as  the  pupil  contracts.”  This  dazzling,  according 
to  Wilbrand  and  Saenger,  produces  a narrowing  of  the  palpebral 
fissure  to  produce  a stenopaic  slit  or  by  the  expression  known  as  the 
“sun  face”  so  commonly  exhibited  by  people  who  have  lived  in-doors 
when  they  go  out  in  the  sunlight. 

The  entrance  of  a jagged  cinder  in  the  eye  will  instantly  occasion 
the  most  exquisite  photophobia.  The  lids  close  spasmodically  on  the 
cinder  and  the  tears  stream  from  the  eye.  The  pain  is  excruciating. 
Fridenberg  asks  that,  in  this  instance,  are  we  to  assume  that  in  less 
than  a second  the  sensitive  tracts  have  become  intolerant  to  light? 
The  pain  and  photophobia  in  this  case  are  not  from  spasm  of  the  pupil 
but  from  nature’s  effort  to  immobilize  the  eye  and  protect  the  organ 
from  further  injury.  Fridenberg  therefore  concludes  there  are  two 
classes  of  photophobia  and  that  they  differ  radically  as  to  cause  and 
mechanism,  although  both  may  exhibit  the  same  external  and  super- 
ficial manifestations.  They  may  be  indicated  as, — First, — Specific,  idio- 
pathic, primary,  retinal  or  true  photophobia  due  to  iris  cramp  caus- 
ing actual  pain.  Second, — Secondary,  symptomatic,  superficial,  cor- 
neal or  pseudo-photophobia  due  to  inflammation  or  irritation  of  the  sen- 
sory nerve-endings  in  the  cornea,  and  independent  of  any  cramp  of 
the  pupil  or  reflex  irritation  from  tlie  retina. 

Cramp  cured,  h]j  iridectom]!.  llronner  read  a paper  before  the 
0]flithalmologica]  Society  of  the  United  Kingdom  in  Deeeinlier,  U)ll 
(see  Knapp’s  Archives,  1912,  Vol.  XLT,  No.  2),  in  whicli  he  iioted 
])ainful  spasms  of  the  spliincter  ])upillm  in  ulcer  of  the  cornea.  Tridec- 
■ tomy  promptly  gave  relief  by  putting  the  sphincter  muscle  at  rest. 
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He  was  able  to  prove  tlie  cramp  of  the  pupil  from  the  fact  that  it 
refused  to  dilate  with  atropin.  He  also  proved  that  the  iris  was  not 
inflamed,  for  after  the  pupil  was  cut  it  dilated  readily  with  atropin. 
He  assumes  that  there  is  inflammation  of  the  sensory  nerves  of 
the  cornea  in  case  of  abrasion  or  ulcer  which  causes  a reflex  spasm 
of  the  sphincter  pupillae;  and  that  this  in  turn  prevents  the  ulcer 
from  healing  on  account  of  the  congestion. 

Lawford,  in  discussing  the  condition,  recalled  the  instance  of 
a man  who  had  been  to  see  several  ophthalmic  surgeons  with  an 
unhealed  ulcer  that  went  on  to  healing  as  soon  as  the  sphincter  was 
cut  by  an  iridectomy.  Bronner  had  previously  reported  {Ophthal. 
Sac.,  U.  K.,  Dec.  10,  1908),  his  results  from  performing  iridectomy 
during  the  acute  stage  of  plastic  iritis  where  the  pupil  refused  to 
dilate  with  atropin.  He  had  performed  this  operation  in  six  such 
cases  in  direct  contravention  to  tlie  teachings  laid  down  in  most  text- 
books, that  iridectomy  should  never  be  performed  during  an  inflamma- 
tory attack.  His  results  were  so  happy  that  he  now  lays  down  the 
dictum  that  iridectomy  should  be  performed  in  all  eases  of  iritis  in 
which,  after  three  or  four  days’  use  of  atropin,  etc.,  the  pupils  refuse 
to  dilate.  There  were  in  his  cases  moderate  decrease  of  inflammation 
and  pain,  liberation  of  adhesions,  prevention  of  occlusio-pupillm  and 
secondary  glaucoma,  but  he  admonishes  strongly  that  this  operation 
must  not  be  done  in  cases  of  serous  iritis  or  iritis  in  sympathetic 
ophthalmia. 

Cramul  deformity,  The  pupil  in  ojjtic  atrophy  associated  with. 
Friedenwald  {Arch,  of  Ophth.,  July,  1901,  Vol.  XXX,  No.  4),  reports 
on  19  cases  of  variously  malformed  skulls,  principally  steeple-shaped. 
The  only  pupil  manifestation  mentioned  was  widely  dilated  pupils. 
It  is  well  known  that  in  eases  of  megalocrania,  atrophy  of  the  optic 
nerves  and  consequent  blindness  are  commonly  observed  and  in  such 
cases  we  usually  find  widely  dilated  and  fixed  pupils.  This  is  ex- 
plained by  the  total  blindness  due  to  atrophy  rather  than  from  involve- 
ment of  the  pupillary  centers. 

Cryptophtholmia,  The  pupil  in.  Everhardt  {Ophth.  Record,  Vol. 
XX,  No.  1),  reports  the  case  of  a child  born  with  no  palpebral  fis- 
sures, the  skin  of  the  brow  being  continuous  over  the  base  of  the 
orbits  and  no  lashes  present.  There  were  prominences  indicating  the 
presence  of  eyeballs  in  the  orbits.  Sections  were  made  along  the 
prominences  where  the  fissures  were  indicated.  The  eyeballs  exposed 
by  this  operation  showed  some  enlargement  of  the  left,  the  right  being 
normal  in  size,  and  both  presented  a uniform  dark-blue  color,  like  a 
ripe  grape.  There  was  no  trace  of  pupil  or  red  reflex.  The  incisions 
grew  together  again.  The  parents  were  first  cousins. 
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Other  eases  of  this  nature  have  been  reported  by  Hoover  in  the 
Jaunml  of  th-e  A.  M.  A.,  Vol.  LV,  No.  5. 

Cyclic  mydriasis  and  miosis  in  congenital  third  nerve  palsy.  Franke 
(Klin.  Monats.  f.  AugenJi.,  Nov.,  1909),  reported  two  cases  of  this  rare 
behavior  of  the  pupil  which  was  first  described  by  Axenfeld  and 
Sehiirenberg.  It  consists  in  a very  peculiar  mydriasis  alternating 
with  miosis  in  cases  of  congenital  or  early-acquired  paralysis  of  the 
third  nerve.  The  pupil  would  dilate  to  5 and  6 mm.  in  diameter, 
remaining  in  this  condition  for  from  5 to  20  seconds,  and  then  would 
rather  rapidly  contract  to  1.5  and  2 mm.,  persisting  in  this  con- 
tracted state  for  from  10  to  20  seconds  and  then  slowly  dilating  to 
its  former  state,  repeating  the  performance  over  and  over  again.  The 
pupil  under  observation  did  not  respond  to  light  or  accommodation. 
The  ciliarj'  muscle  acted  in  the  same  manner  and  along  with  the  pupil  i 
behavior,  which  observation  was  also  made  in  eight  cases  reported 
in  the  literature  on  the  subject.  In  one  case  reported  by  Axenfeld 
and  Schurenberg,  the  anomalous  behavior  of  contraction  and  ex- 
pansion of  the  pupil  in  the  cyclic  manner  described  was  observed  even 
during  slumber.  The  cases  were  all  girls,  with  one  exception.  The 
boy  was  the  only  case  in  which  the  condition  was  bilateral. 

Coats  (Arch,  of  Ophth.,  July,  1914,  Vol.  XLIII,  No.  4),  reports 
the  interesting  pupillary  behavior  of  a girl,  aged  10,  which  he  states' 
was  noted  from  birth.  There  was  rapid  contraction  and  gradual 
dilatation  of  the  pupil  which  occurred  in  a cycle.  The  movements 
were  not  strictly  rhythmical  but  were  fairly  so  and  they  continued  to 
work  regardless  of  the  effect  of  light  and  also  regardless  of  the  direc- 
tion in  which  the  patient  turned  her  eyes. 

During  the  phase  of  contraction  the  pupil  was  immobile  to  light, 
but  during  the  phase  of  dilatation  it  responded  to  light  singly  and 
consensually.  There  have  been  nineteen  cases  of  this  affection  re- 
corded; the  condition  is  invariably  associated  with  partial  paralysis 
of  the  third  nerve. 

It  was  Salus’  opinion  that  nature’s  effort  to  repair  a lesion  of 
the  third  nerve  caused  some  of  the  axis  cylinders  to  sprout  from  the 
central  end  and  make  a “false  junction”  connecting  a live  nerve 
center  with  a group  of  muscles  not  belonging  to  it.  If  for  instance 
all  the  fibers  which  should  go  into  the  internal  rectus  were  diverted 
to  the  sphincter  pupillae,  then  an  effort  at  adduction  would  result 
only  in  contraction  of  the  pupils.  (See  Changing  pupils  in  this  sec- 
tion, also  Jumping  pupil.) 

Cyclops,  The  pupil  in.  Dougal,  Daniel  and  Milens  (Brit.  Med. 
Jour.,  July  4,  1914),  report  the  case  of  a Cyclops,  still-born,  which 
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had  a single  orbit  containing  two  eyeballs  fused  together  in  the  middle 
line.  On  the  anterior  surface  of  each  half  of  the  globe  was  a com- 
plete cornea  through  each  of  which  could  be  seen  an  iris  enclosing 
a circular  pupil. 

Bogoslawsky  described  the  case  of  a monster  with  only  one  eye 
in  which  there  were  two  pupils.  Another  case  {Arch.  d’ophtJiabn., 
Vol.  Ill,  p.  469),  of  a human  fetus  six  months  old  is  reported  as  hav- 
ing only  one  orbit  and  one  eye  which  was  very  small.  There  was  no 
cornea  and  no  iris  but  there  were  two  lenses. 

‘‘Deafness/'  reflex,  of  Heddaeus,  or  “ Ama\irotic  rigidity"  of  Bach. 
This  is  the  ordinary  non-response  of  both  pupils  when  one  eye,  blind 
from  a lesion  in  front  of  the  cptie  foramen  (e.  g.,  atrophy  of  one  optic 
nerve)  is  illuminated,  while  if  the  fellow  eye  that  is  functionating  nor- 
mally is  illuminated,  both  pupils  contract  equally.  It  is  the  “con- 
sensual reaction  test.”  Cases  have  been  reported,  however,  in  which 
one  eye  is  blind  and  yet  in  spite  of  this  fact  the  pupil  of  this  eye 
responds  to  direct  light  (Jessop, — Lancet,  July  11,  1891). 

Reichardt  {Dent.  Zeit.  f.  Nerv.,  XXV,  1904,  408),  had  such  a case 
in  which  he  was  fortunate  in  securing  a microscopic  examination  of 
the  optic  nerve,  finding  the  fine  (visual)  fibers  entirely  atrophied  and 
the  coarse  (pupillomotor)  fibers  mostly  normal.  (For  further  dis- 
cussion of  amaurotic  pupillary  rigidity,  see  Pathology  of  the  pupil 
from  Bach  elsewhere  in  this  article.) 

Death.  Atropin  and  eserin  in  the  cadaveric  eye.  Groenouw  (Oph- 
thal.  Socy.  Heidelburg,  1910),  states  at  the  moment  of  death  the  pupil 
dilates  and  then  it  gradually  contracts  during  the  following  day  or 
two.  This  contraction  is  due  to  rigor  mortis.  In  order  to  control 
the  experiments  that  he  made  atropin  solution  was  dropped  in  one 
eye  and  eserin  solution  in  the  other  of  the  cadaver.  The  difference 
in  the  size  of  the  pupils  was  very  distinct  in  an  hour’s  time.  The 
eserinized  pupil  was  much  smaller  than  the  atropinized.  The  dif- 
ference measuring  2 to  3 mm.  in  the  former  and  5.5  to  8.5  mm.  in  the 
latter.  The  effect  lasted  from  seven  to  nine  hours,  after  which  it  was 
noted  that  the  contracted  pupil  had  dilated  and  the  dilated  pupil  had 
contracted,  but  there  was  a difference  still  noted  after  twenty-four 
hours. 

The  effect  of  these  drugs  could  be  produced  if  instilled  in  the  eyes 
before  three  or  four  hours  after  death,  but  later  than  that  no  effect 
could  be  produced.  These  observations  become  of  value  in  legal  medi- 
cine in  order  to  determine  the  time  that  had  elapsed  since  death. 
Brown-Sequard  obtained  contraction  of  the  pupil  by  light  in  an 
iris  that  was  excised,  and  deRupter  dilated  the  pupil  with  atropin 
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in  an  eye  that  had  been  enucleated.  (See  Anatomy  of  atropinized 
eyes  herein.) 

Death,  Impending.  Riley  {New  York  Med.  Press  Cir.,  July  5, 
1916),  states  that  in  a very  sick  patient  whose  pupillary  reflexes  were 
previously  normal  and  in  vhom  there  develops  no  pupillary  reac- 
tion to  light,  death  is  at  hand.  He  excepts  cases  of  previous  impair- 
ment of  the  pupil  such  as  spinal  miosis  of  the  aged,  syphilis  or  its 
sequel®,  brain  diseases,  optic  atrophy,  fainting  and  hemorrhage.  In 
most  diseases  just  before  death  the  pupil  widely  dilates.  The  ‘‘death 
stare”  or  “flxed  eye”  is  probably  due  to  the  dilated  non-reacting 
pupil  and  death  is  near  at  hand  although  the  patient  may  count 
Angers  and  respond  to  questions. 

Decapitation.  Axenfeld  {Arch,  of  Ophth.,  March,  1904,  Vol. 
XXXIII,  No.  2,  p.  186),  stated  that  he  had  examined  the  pupillary 
reflexes  of  four  decapitated  criminals  immediately  after  death.  In 
one  of  them  the  pupils  reacted  to  the  light  for  thirty  seconds  after 
decapitation.  In  the  others  there  was  no  reaction.  He  therefore 
doubts  the  statements  found  in  literature  that  after  decapitation  the 
pupils  react  for  from  several  minutes  up  to  a half-hour. 

Bach,  experimenting  with  decapitated  animals,  observed  the  light 
reflex  of  the  pupil  for  only  a few  seconds  after  decapitation. 

Deformed  pupil,  Diagnostic  value  of.  In  an  editorial  in  Oph- 
thalmie  Record,  Jan.,  1905,  we  are  reminded  that  we  may  often  over- 
look a slight  deformity  of  the  pupil  or  fail  to  appreciate  its  signifl- 
eance  when  noticed.  The  dilator  pupill®  is  supplied  by  two  long  ciliary 
nerves  from  the  sympathetic.  One  supplies  the  upper  and  outer, 
the  other  the  lower  and  inner,  half  of  the  iris.  Paralysis  of  either  of 
these  will  cause  a sectional  miosis  on  that  side,  or  a distinct  flattening 
of  the  circular  contour  of  the  pupil  on  the  corresponding  side.  The 
effect  of  a mydriatic  on  such  a pupil  is  to  dilate  the  unparalyzed  half 
and  leave  the  paralyzed  half  only  slightly  dilated.  Miotics  on  the 
other  hand  obliterate  the  flattened  contour. 

The  sphincter  pupill®  is  supplied  by  a number  of  small  nerve 
branches  from  the  ciliary  ganglion  and  is  regarded  to  be  under  con- 
trol of  a component  of  the  third  nerve.  Paralysis  of  one  or  more  of 
tliese  nerve  strands  would  produce  a sectional  partial  mydriasis  of 
the  corre.sponding  part  of  the  pupil.  In  this  case  we  note  an  arch- 
ing of  the  circular  contour  corresponding  to  the  paralyzed  section 
of  the  pupil.  Mydriatics  will  obliterate  the  defect  while  myotics  will 
exaggerate  the  same,  but  both  will  influence  the  affected  segment  of 
the  sphincter  even  though  somewhat  feebly.  The  recognition  of  these 
deformities  is  important  for  they  rarely  exist  in  health  and  are 
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nearly  always  the  advance  or  premonitory  symptom  of  grave  disease  | 
of  the  central  nervous  system,  such  as  tabes,  general  paresis  or  mul- 
tiple  sclerosis.  Joffroy,  Bumke  and  others  state  deformity  of  the 
pupil  is  invariably  present  in  eases  exhibiting  the  Argyll-Robertson  • 
phenomenon.  It  has  been  ascribed  to  atrophy  of  a segment  of  the  iris.  ^ 
(See  Contour,  also  Sectional  dilatation  in  this  section.)  j 

^Degeneration  stigmata.  Albrand  {Archiv.  f.  Psych,  u.  Nerv.  • 
XXXIV,  p.  121),  found  the  pupils  abnoraial  in  size  and  reaction  in  ^ 

early  life  in  seven  per  cent,  of  subjects  affected  with  degeneration  ^ 
stigmata. 

Dementia  prancox,  The  pupil  in.  Tyson  and  Clark  {Arch,  of  Opli- 
thal.,  March,  1908,  Vol.  XXXVII,  No.  2,  p.  289),  state  that  the  pupils  f 
in  all  their  cases  of  dementia  prajcox  presented  uniform  symptoms.  I 
They  were  all  dilated.  There  was  no  sensory  reflex,  no  psychic  reflex  i 
and  no  Piltz  reflex.  They  state  since  no  other  psychosis  presents  these  ■' 
conditions  the  appearance  of  the  pupils  should  be  found  useful  in  the  ‘ 
differential  diagnosis.  The  same  observers  (Knapp’s  Archiv.  Ophth.,  ^ 
Vol.  XLI,  No.  3,  May,  1912,  p.  227),  examined  the  pupils  in  85  ca.ses 
of  dementia  prsecox,  comparing  them  with  the  pupils  of  normal  per-  ] 
sons,  and  found  that  in  the  85  cases  they  studied  the  pupils  were  ;i 
dilated  on  an  average  of  1.1  mm.  more  than  the  normal.  The  widths  \ 
varied  by  measurement  between  3.5  mm.  and  7 mm.  Moreover,  the  7 
reaction  was  almost  invariably  .sluggish  to  light  and  the  sensory  reac-  - 
tion  was  usually  absent.  The  Calassi-Gifford  reflex  was  present  in  ; 
only  two  cases.  The  somewhat  dilated  and  .sluggi.sh  pupils  appeared  * 
to  be  due  to  loss  of  function  through  defective  nerve  energ;\',  aided 
by  mental  obtundity  and  diminished  apperception. 

The  condition  of  the  pupils,  together  with  diminished  corneal  sensi- 
tiveness, concentric  contraction  of 'the  visual  fields  and  the  dilated,  ; 
dark,  retinal  veins  and  contracted  arteries  with  changes  of  the  disk, 
constituted  the  almost  constant  ocular  signs  of  the  disease  in  this 
group  of  cases.  i 

Bumke  {Med.  Klink.,  1907,  p.  1221),  states  that  in  dementia  praecox  ■> 
the  dilatation  of  the  pupil  from  psychic  and  sensory  irritation  is  ! 
absent  in  about  6 per  cent,  of  the  cases.  In  katatonie  stupor  the 
pupils  are  sometimes  transiently  elliptic  and  react  slowly  or  not  at  all. 

In  hysteria  similar  disturbances  are  met  with  although  here  the  pu- 
pils are  usually  dilated  ad  maximum  or  contracted  markedly.  If  the 
latter,  there  is  associated  spasm  of  convergence.  Later  on  Bumke  ' 

studied  thirty-three  cases  of  dementia  praecox,  and  found  the  pupils  * 

larger  than  normal  in  all.  The  pupils  measured  from  5.5  to  9 mm. 
in  diameter ,'  moreover,  they  were  equal  in  size  in  nearly  all  his  cases. 
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He  also  noticed  in  this  series,  absence  of  psychic  reflex,  reduction  of 
pupil  motility,  and  loss  of  dilatation  to  sensory  stimuli.  Mignot  calls 
attention  to  the  variable  behavior  of  the  pupils  from  day  to  day 
and  regards  this  to  be  peculiarly  characteristic  of  dementia  prsecox. 
Moreover  in  this  disease  the  circular  contour  is  often  altered,  produc- 
ing the  “deformed”  pupils — this  was  noted  in  52.6  per  cent,  of  Mig- 
not’s  eases. 

Dental  origin  of  mydriasis.  Verrey  {Ann.  de’oculistiqne.  CXLVII, 
p.  189),  reports  the  case  of  a woman  of  thirty-four,  who  had  mydri- 
asis of  one  eye  caused  from  the  late  cutting  of  a wisdom  tooth.  The 
tooth  was  extracted  and  the  day  following  the  mydriasis  disappeared. 

He  argues  that  the  dilatation  was  probably  produced  by  irritation 
of  the  cervical  sympathetic  nerve  excited  by  inflammatory  irritation 
of  its  frunk. 

Detachment  of  retina.  Bach  states  t)iat  separation  of  the  retina 
gives  a slightly  enlarged  pupil  when  no  complication  is  present.  In 
a few  cases  it  could  be  determined  that  the  reaction  was  less  prompt 
on  throwing  the  light  on  the  separated  area.  In  some  cases  where 
the  vision  was  very  poor  the  light  reaction  was  prompt. 

Laquer  {Archiv.  f.  Augenli.,  LIX,  p.  527),  found  the  pupillary  re- 
action was  uniformly  the  same  whether  the  detached  or  the  normal 
part  of  the  retina  was  illuminated. 

Diagnostic  value  of  the  pupil.  At  a joint  session  of  the  Chicago 
Ophth.  and  Neurol.  Societies  {Ophth.  Record,  May,  1910,  Vol.  XIX, 
No.  5),  Cradle  the  elder,  discussing  the  value  of  eye  symptoms  in  the 
diagnosis  of  nervous  diseases,  mentioned  one-sided  pupillary  con- 
traction with  immobility  in  paralysis  of  one  cervical  sympathetic ; 
one-sided  pupillary  dilatation  and  immobility  without  other  involve- 
ment of  the  third  nerve  in  cerebral  syphilis ; pupillary  inequality  in 
various  psychoses;  bilateral  pupillary  rigidity  usually  with  miosis  in 
general  paresis  or  tabes  and  sudden  loss  of  accommodation  with  nor- 
mal pupil  in  post-diphtheritic  paralysis. 

E.  Jackson  (Am.  Jour.  Med.  Sciences,  Oct.,  1908),  quotes  Swansey 
as  saying  “The  condition  of  the  pupils  whether  normal,  contracted 
or  dilated,  is  of  very  slight  significance  or  value  in  the  diagnosis  of 
either  the  location  or  kind  of  any  intracranial  lesion.”  Nevertlieless, 
as  Jackson  states,  “The  pupil  is  enormously  suggestive  to  anyone  who 
is  on  the  lookout  for  clues.”  The  unilaterally  dilated  pupil  may  sug- 
ge.st  cerebral  disease,  phthisis  pulmonalis  (see  elsewhere  in  this  sec- 
tion)  paresis,  cerebral  syphilis  and  many  other  diseases  and  abnor- 
mal .states.  Moreover,  in  the  ca.se  of  brain  lesion  the  side  of  tlie  lesion 
may  occasionally  be  determined  from  the  dilated  pupil  on  the  same 
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side.  Ihe  pupil  may  be  dilated  on  one  side  the  result  of  aortic 
aneurism,  as  explained  elsewhere  in  this  section,  lint  sometimes,  as  in 
the  case  of  phthisis,  the  dilatation  passes  over  into  a miosis  when  the 
disease  advances  to  a later  stage.  Irritative  conditions  of  the  sym- 
pathetic cause  dilatation,  and  destructive  lesions  miosis.  The  one- 
sided dilatation  of  the  pupil  is  always  strongly  suggestive  of  syphilis 
and  the  reflex  iridoplegia  to  light  with  miosis  ( Argyll-Robertson  pu- 
pil) IS  by  many  not  only  regarded  as  a symptom  of  tabes  but  also  of 
syphilis.  ' 

Jackson  states  that  in  his  locality  (Denver,  5,280  ft.)  the  high  alti- 
tude frequently  causes  ophthalmoplegia  interna  which  is  more  in  evi- 
dence in  one  eye  than  in  the  other  and  that  such  cases  are  always 
benefited  by  a sojourn  in  a low  altitude. 

If  the  pupil  reacts  normally  it  does  not  necessarily  mean  that  the 
person  possesses  good  health,  but  if  the  pupil  does  not  react  normally 
there  is  always  some  abnormality  present  either  in  the  eye  itself,  or 
the  nervous  or  vascular  system. 

Dallantyne  (Ophthahyioscopc,  July  and  August,  1909),  reviewed  the 
liteiature  on  the  anatomy,  physiology  and  pathology  of  the  pupil  from 
sixty-one  sources  (references  fully  cited)  including  the  work  of  the 
world’s  most  authoritative  and  advanced  workers,  thinkers  and  writers 
on  the  subject  Avithin  the  decade  just  preceding  and  concludes  that,  “It 
cannot  be  said  that  a great  deal  has  been  added  to  our  precise  knowl- 
edge of  the  significance  of  the  pupil  in  general  medical  diagnosis;” 
and  furthermore,  “Probably  of  no  disease  can  it  be  said  that  a pupil 
symptom  is  pathognomonic ; it  is  much  more  often  only  a link  in  the 
chain  of  evidence,  for,  although  in  many  cases  the  state  of  the  pupils 
is  fairly  constant  for  the  disease  in  question,  it  also  belongs  to  other 
conditions.  It  seems  that  in  spite  of  the  excellent  work  that  has 
been  done  there  is  a lack  of  precision  in  methods  of  examination  as  well 
as  a distinct  lack  of  knowledge  in  the  interpretation  of  pupillary  be- 
havior and  misbehavior,  the  extenuation  being  somewhat  because  of  the 
fact  that  much  is  lacking  in  the  way  of  exact  proof  and  full  knoAvledge 
of  the  cerebral  and  cord  centers  and  tracts  and  the  interlacing,  com- 
municating, crossing  and  recro.ssing  of  the  fibers  concerned  in  the  com- 
plex act  of  pupil  contraction,  expansion  and  inaction  to  various  stimuli 
in  health  and  disease.  The  subject  will  be  better  understood  when 
the  anatomical,  histological  and  physiological  data  are  all  traced  and 
fully  understood.  Nevertheless,  enough  is  known  and  proven  beyond 
doubt  to  render  the  subject  of  the  various  reactions  of  the  pupil  worth 
one’s  while  to  study,  as  Ballantyne  says,  “if  it  were  for  no  other  rea- 
son than  to  guard  against  errors  in  interpretation.” 
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Bumke  {Miieach.  Med.  W ocheus.,  1907,  Vol.  LIV,  p.  2315),  concludes 
1‘roni  clinical  observations  that  in  nervous  exhaustion,  physical  fatigue, 
extreme  hunger  and  profound  anemia,  the  pupil  is  often  widened.  He 
observed  insane  patients  who  had  refused  all  nourishment  and  found 
their  pupils  were  dilated  ad  maximum  on  entering  the  institution,  but 
which,  after  a few  days  feeding,  returned  to  their  normal  size. 

He  also  observed  among  the  attendants  of  insane  patients  that  the 
pupils  in  the  morning  were  always  widened  after  being  up  all  night 
with  the  patients,  while  those  attendants  who  had  had  a good  night’s 
rest  presented  normal  pupils.  He  considers  this  (widening  of  the 
pupil  in  exhausted  states,  etc.,)  to  be  due  to  increased  irritability  of 
the  cortex  rather  than  to  exhaustion  of  the  sphincter;  in  other  words 
he  ascribes  it  to  cortical  stimulation  of  the  cervical  sympathetic  nerve 
supplying  the  dilator  pupillm.  He  mentions  the  effect  of  incomplete 
oxidation  of  the  blood  after  exhausted  states  as  being  a factor  induc- 
ing dilated  pupils. 

Bumke  {Wien.  Med.  W ochen.,  May  16,  1908),  speaking  on  true  reflex 
paralysis  of  pupillary  reaction  states  that  it  was  believed  to  be  found 
only  in  tabes  and  post-syphilitic  paralysis,  but  he  has  found  reflex 
rigidity  also  in  dementia  praeeox,  catatonia  and  hysteria.  Trendelen- 
burg and  Bach  after  numerous  experiments  on  many  animals  con- 
cluded that  the  medulla  oblongata  has  no  relation  to  innervation  of  the 
pupils. 

Buzzard  (Ophth.  Sec.  British  Medical  Association,  reported  in 
Ophth.  Record,  November,  1910,  Vol,  XIX,  No.  11,  p.  613),  stated  that 
inequality  and  dilatation  of  the  pupils  in  patients  suffering  from 
headaches  and  vomiting,  associated  with  optic  neuritis,  he  had  found 
post-mortem  to  be  due  to  a small  cyst  in  the  third  ventricle.  He 
regards  the  absence  of  pupillary  light  reflex  a valuable  sign  in  diag- 
nosing a tumor  in  the  third  ventricle  or  structure  immediately  sur- 
rounding it  and  mentions  that  it  is  not  infrequently  a local  evidence 
of  that  disease.  It  is  well  known  that  in  severe  optic  papillitis  the 
pupil  often  reacts  to  the  light  quite  normally,  but  if  the  disease  pro- 
ducing the  papillitis  is  located  in  or  about  the  third  ventricle,  we  will 
notice  dilated  and  fixed  pupil  in  one  or  both  eyes.  (See  Tumors,  in 
this  section.) 

Posey  {Will’s  Hospital  Ophth.  Soc.  Tranis.,  January  7,  1913),  spoke 
on  the  differential  diagnosis  between  tabes  and  cerebral  syphilis  as 
determined  by  the  pupillary  manifestations.  He  remarks  that  the 
observation  of  Groenouw,  viz.,  that  the  Argyll-Robertson  pupil  is 
generally  indicative  of  tabes  and  unilateral  ophthalmoplegia  interna 
of  cerebral  syphilis,  was  true.  He  formulated  the  rule  that  ine- 
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qualities  of  the  pupils  aud  disturbance  in  their  reaction  associated 
with  optic  neuritis  are  found  in  the  early  stages  of  cerebro-spinal 
syphilis,  while  palsies  of  the  extraocular  muscles  belong  to  the  later 
stage. 

In  brain  tumor  there  is  usually  increased  cerebral  pressure  and  in 
this  condition  there  is  often  if  not  always  some  distension  of  the 
ventricles  and  consequently  interference  with  the  pupillary  centers. 
I his  explains  the  presence  of  dilated  pupils  in  many  cases  of  brain  tu- 
mors. Internal  hydrocephalus  may  be  a symptom  common  to  brain 
tumor  in  any  locality  and  is  of  no  localizing  value. 

The  hydrops  of  the  ventricles  may  be  more  marked  on  one  side  and 
in  that  event  the  pupil  on  that  side  usually  is  the  larger.  The  disten- 
sion of  the  ventricles  paralyzes  the  centers  of  the  sphincter  by  pres- 
suie.  Then,  too,  there  is  often  papilledema  and  blindness  which  of 
itself  causes  dilated  pupils.  Anisocoria  is  common  in  brain  tumors. 
Hippus  occasionally  is  present.  Argyll-Robertson  pupils  are  quite 
rarely  found  but  when  present,  according  to  Uhthotf,  the  lesion  ex- 
ists between  the  external  geniculate  body  and  the  sphincter  nucleus. 

Major  {BHt.  Med.  Jour.,  April  16,  1892,  p.'SlS),  found  the  right 
pupil  dilated  in  a case  of  tumor  of  left  optic  thalamus  pressing  on 
the  internal  capsule,  there  was  also  right  hemiplegia  and  right  hemi- 
anesthesia, right  facial  paralysis  and  right  hemianopsia;  optic  neuritis 
was  not  present. 

Dilated  ahuoiinalli/.  Ihe  pupils  may  be  dilated  from  unnatural 
causes  and  may  present  three  different  states:.  I.  Dilated  and  re- 
sponsive. II.  Dilated  and  sluggish.  III.  Dilated  and  fixed. 

I.  Dilated  and  responsive  to  light,  convergence  and  acconiinodation. 

(a)  In  myopia;  some  idea  of  the  degree  of  myopia  may  often  be 
formed  from  the  degree  of  dilatation,  the  age  of  the  patient  taken  into 
consideration.  (The  pupils  are  not  always  dilated  in  myopia,  for 
in  many  such  cases,  perhaps  25  per  cent.,  they  appear  normal.) 

(b)  In  detachment  of  the  retina  in  many  cases. 

(c)  In  glaucoma  simplex  in  the  later  stages. 

(d)  In  cortical  blindness,  as  from  bilateral  hemorrhage  in  the 
visual  areas  in  the  cuneus. 

(e)  In  some  eases  of  chronic  retrobulbar  neuritis  with  large  cen- 
tral scotoma. 

(f)  In  some  cases  of  enlargement  of  the  blind  spot  due  to  optic 
neuritis  or  papilledema. 

(g)  In  total  blindness  of  one  eye  from  ophthalmoscopic  disease, 
as  monocular  optic  nerve  atrophy,  embolism  of  central  artery,  etc.. 
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when  the  seeing  eye  is  screened  from  the  light.  The  consensual  and 
convergence  reaction  is  preserved  but  direct  reaction  is  lost. 

(li)  Reflex  from  intestinal  disorders  in  infants  and  children 
through  spinal  irritatiqu. 

(i)  In  catalepsy,  acute  mania  and  subjective  mental  states. 

(j)  In  rare  central  tumors  of  the  brain  and  also  in  certain  cases 
of  effusion  in  the  brain  meninges  or  the  ventricles. 

II.  Dilated  and  sluggish  reaction,  (a)  In  many  cases  of  near 
blindness,  when  the  cornea  and  iris  appear  normal  and  where  per- 
ception of  light  is  still  retained,  as  in  profound  exudative  choroiditis 
and  so-called  hyalitis,  massive  retinitis,  hemorrhages  in  the  vitreous, 
thrombosis  of  the  retinal  veins,  atrophy  of  the  optic  nerve  nearly  total, 
advanced  glaucoma  simplex  with  retained  patch  of  vision  in  extreme 
temple  field,  intraocular  neoplasms  that  have  not  entirely  destroyed 
the  vision,  black  cataract,  etc. 

(b)  In  many  cases  of  paresis  in  which  we  also  often  note  inequal- 
ity of  the  pupils  (anisocoria). 

(c)  In  many  cases  of  cerebral  syphilis  and  basilar  meningitis. 

(d)  In  many  cases  of  tubercular  meningitis  and  epidemic  cerebro- 
spinal meningitis. 

III.  Dilated  and  fixed,  (a)  In  bilateral  total  blindness  due  to 
intraocular  or  optic  tract  lesions  from  any  cause. 

(b)  In  paralysis  of  the  third  nerve  affecting  the  innervation  of 
the  sphincter  pupillfe.  Here  the  vision  is  usually  unaffected  except- 
ing from  loss  of  accommodation.  This  affection  is  usually  expressed 
in  one  eye  although  cases  of  double  oculomotor  palsy  have  been 
reported. 

(c)  From  the  effect  of  certain  drugs  instilled  in  the  eye.  (See 
Mydriatics.) 

(d)  In  certain  cases  of  brain  lesions,  such  as  cerebral  neoplasm, 
abscess,  cyst,  meningitis  and  internal  hydrocephalus  with  or  without 
increased  cerebral  pressure  and  papilledema;  also  in  paralysis  of  the 
nuclear  center  controlling  the  sphincter  pupillae,  or,  in  fact,  inter- 
ference with  the  pupillary  light  reflex  arc  in  any  part  of  its  course, 
afferent  and  efferent. 

(e)  Due  to  pressure,  excessive  stretching  or  severance  of  the  optic 
nerve  or  optic  tract,  as  from  intra-orbital  tumor  causing  excessive 
exophthalmos,  pressure  and  strangulation  of  the  nerve  at  the  optic 
foramen  from  exostosis  tumor  or  swelling  of  the  orbital  wall  of  the 
posterior  ethmoid  or  .sphenoidal  sinus,  large  tumor  or  cyst  of  the 
hypophysis  pressing  the  optic  chiasm,  transverse  stab  wounds  which 
sever  the  optic  nerve,  chia.sm  or  tract;  gun  shot  wounds  or  trauma- 
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tism  from  direct  or  penetrating  injuries  which  destroy  the  optic  nerve 
or  tract. 

(f)  Jn  certain  transitory  cerebral  states,  as  syncope,  epilepsy 
or  suspension  of  consciousness  from  transitoiy  paralysis  of  the  cortex 
from  any  cause, 

(g)  In  certain  transitory  irritative  states  of  the  spinal  cord  as 
from  convulsions  due  to  teething  or  intestinal  fermentation  and 
causing  high  fever,  especially  in  infants  and  adolescents.  (See  Mu- 
driasis  in  this  section.) 

Dilated  noi^mally.  The  pupils  may  be  dilated  in  health  from  the 
following:  (a)  from  the  withdrawal  of  light  stimulation  to  the  pupil- 
ary light  reflex  arc,  as  in  subdued  light  or  darkness,  (b)  from  stim- 
ulation of  the  sympathetic  sensory  nerves,  as  in  tickling  or  pinching 
the  skin  of  the  face  and  neck,  (c)  from  cortical  stimulation  in  certain 
mental  states,  as  in  deep  concentration,  sudden  apprehension,  absorp- 
tion, emotion,  etc.,  and  (d)  from  individual  peculiarity  as  often 
noted  in  adolescence  and  in  certain  persons  in  middle  life  as  a normal 

idiosyncrasy.  The  pupils  in  the  above  group  all  are  classifled  as  be- 
ing normal. 

Dilatation  of  the  pupil,  to  produce  after  the  anterior  chamber  has 
been  drained.  It  is  well  known  that  the  pupil  will  not  dilate  by 
means  of  mydriatics  after  the  aqueous  has  been  drained  through  an 
incision,  but  deObarrio  {Ophth.,  Oct.,  1915,  Vol.  XII,  No.  X,  p.  66), 
dilates  the  pupil  by  permitting  a solution  composed  of  1/2,000  adrena- 
lin containing  two  parts  of  2 per  cent,  cocain  solution,  to  flow  into 
the  anterior  chamber  through  a cannula  attached  to  a rubber  tubing 
and  glass  tube  with  a rubber  bulb.  Two  or  three  drops  of  this  solu- 
tion and  a wait  of  five  minutes  is  all  that  is  necessary  to  cause  the 

pupil  to  dilate.  He  recommends  this  in  the  simple  extraction  of  cat- 
aract. 

Dilatation  coefficient.  Ovio  {XIX.  Congress  Ital.  Ophthal.  Tram. 
No.  2,  1907),  finds  that  when  the  illumination  in  the  eye  is  gradually 
reduced,  the  pupil  will  dilate  with  inverse  proportion  to  the  light  re- 
duction. As  the  light  is  reduced  the  dilatation  at  first  takes  place 

slowly  and  then  with  increased  rapidity  as  the  light  is  further  with- 
drawn. 

Dilatation  due  to  stimulation  of  cervical  sympathetic.  To  prove 
that  the  sympathetic  acting  alone  will  dilate  the  pupil  Anderson 
{Jour,  of  Physiol.,  1903,  p.  50),  excised  the  ciliary  ganglion  in  cats. 
This  paralyzed  the  sphincter,  then  by  stimulating  the  spinal  cord  with 
the  faradic  current  and  by  pinching  the  skin  and  stroking  the  hair, 
he  obtained  marked  dilatation  of  the  pupil.  He  also  divided  the  cord 


PUPIL,  THE,  IN  HEALTH  AND  DISEASE 


10625 


at  the  line  of  the  first  cervical  vertebra  and  secured  dilatation  of  the 
pupil  by  stimulating  the  sciatic  nerve,  overcoming  the  miosis  pro- 
duced by  a one  per  cent,  solution  of  eserin.  These  tests  prove  that 
dilatation  of  the  pupil  is  due  to  stimulation  of  the  sympathetic  sup- 
plying the  dilator  pupillae. 

If  the  short  ciliary  nerves  be  severed  the  pupil  will  dilate  but  the 
dilatation  will  be  greater  in  the  same  case  when  the  cervical  sym- 
pathetic is  stimulated,  and  still  gi-eater  dilatation  (ad  maximum) 
can  be  produced  if  potent  mydriatics  are  instilled  in  the  eye. 

Dilatation  reaction.  In  much  reading  and  research  in  the  prep- 
aration of  this  section  the  writer  has  failed  to  find  specific  mention 
of  methods  for  testing  the  dilatation  reaction  of  the  pupils  other  than 
by  partial  shading  of  the  eye  in  ordinarly  light.  Many  writers  refer 
to  the  sensory  or  pain  refiex,  and  also  the  cortical  reflex,  as  well  as 
the  spinal  irritation,  the  cerebral  paralysis  or  nuclear  palsy  reaction, 
all  of  which  are  expressed  in  dilatation  of  the  pupils,  but  so  far 
as  he  has  been  able  to  observe,  no  one  has  attempted  to  formulate  a 
definite  clinical  test  to  determine  the  dilatability  of  the  pupil  without 
the  employment  of  mydriatic  drugs.  It  is  manifestly  as  important 
from  a diagnostic  sense  to  ascertain  the  reaction  of  the  dilator  pupil- 
lae  in  a given  case  as  to  ascertain  the  reaction  of  the  sphincter  pupilla?, 
to  which  so  much  attention  and  study  has  been  directed.  The  con- 
dition of  the  sympathetic  nerve  mechanism  is  as  important  to  know 
as  that  of  the  pupillary  light  reflex  arc.  The  usual  reaction  tests 
recommended  for  testing  the  pupil  are:  (1)  the  direct,  (2)  the  indi- 
rect or  consensual,  (3)  the  convergence  and  accommodation  reac- 
tions, all  of  which  appertain  to  the  sphincter  pupillae.  We  have  yet 
to  learn  a definite  standard  test  for  determining  the  dilatability  of  the 
pupil.  The  question  is,  what  is  the  normal  dilatability  of  the  pupil 
in  different  ages  as  measured  in  millimeters? — and  what  is  the  range 
of  pupil  activity  between  the  limit  of  normal  dilatation  in  total 
darkness  and  normal  contraction?  The  impulse  to  dilatation  is  en- 
tirely different  from  that  of  contraction,  anatomically  and  physio- 
logically speaking,  and  their  pathways  are  separate  and  distinct  from 
their  nuclei  of  origin  to  their  nerve  endings.  The  behavior  of  the 
pupils  in  health  and  disease  will  not  be  fully  understood  or  properly 
interpreted  until  we  have  methods  of  precision  • to  determine  the 
status  of  the  dilating  impulse.  We  believe,  for  instance,  that  in  brain 
tumor  there  is  greater  dilatation  of  tlie  pupils  in  certain  cases  than 
will  exist  in  those  same  cases  after  death.  We  know  that  atropin 
will  dilate  a completely  paralyzed  pupil  still  further.  In  syncope 
we  have  wider  dilatation  than  can  be  produced  physiologically  in  con- 
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scious  states,  and  wider  than  in  death.  There  are  normal  dilatations, 
paralytic  dilatations,  irritative  dilatations  and  restricted  dilatations. 
There  are  dilatations  from  inonocular,  or  inherent  stimuli,  and  di- 
latations from  referred  or  consensual  stimuli.  In  testing  the  pupil 
reaction  we  should  regard  the  dilataibility  as  much  as  the  con-< 
tractability.  The  significance  of  tlie  one  is  as  necessary  and  as 
valuable  as  the  other.  Much  is  yet  undone.  In  this  connection  the 
reader  is  referred  to  Kunz  and  Ohm’s  experiments  in  photography  of 
the  pupils  in  darkness  (see  Photography  in  this  section)  for  the  only 
suggestion  the  writer  knows  of  that  has  been  made  for  determining 
the  actual  physiological  dilatability  of  the  pupil. 

Dilating  and  contracting  fibers  (pupil),  experiments  on  dogs  to  dem- 
onstrate the  course  of  the.  Guirato  {Ann.  di  Ottalm.,  XXIX,  Vol.  I, 
No.  2),  experimenting  on  dogs  to  determine  the  course  of  the  pupil- 
dilating  fibers  came  to  the  following  conclusions:  (a)  Destruction  of 
the  ophthalmic  ganglion  caused  great  mydriasis,  anesthesia  of  the 
cornea  and  conjunctiva,  hypotony  of  the  ball,  trophic  disturbances 
and  suppuration  of  the  eye.  (b)  The  same  effect  was  produced  by 
cutting  all  the  ciliary  nerves,  (c)  Section  of  the  long  ciliary  nerves 
alone  caused  a moderate  miosis,  (d)  Section  of  the  long  ciliary  nerves 
together  with  extirpation  of  the  superior  cervical  ganglion  of  the 
sympathetic  resulted  in  an  excessive  miosis,  (c)  Electrical  stimu- 
lation of  the  long  ciliary  nerves;  caused  excessive  pain  and  marked 
mj'driasis.  (f)  Electrical  stimulation  of  the  short  ciliary  nerves 
caused  pain  and  moderate  miosis,  (g)  Electrical  stimulation  of  the 
superior  ganglion  after  section  of  the  long  ciliary  nerves  dilated  the 
pupil  moderately,  (h)  Section  of  all  the  ciliary  nerves  and  stimula- 
tion of  the  sympathetic  did  not  influence  the  pupil. 

Dilator  pupillce  in  man.  In  an  article  by  Grunert  {Arch,  of  Ophth., 
July,  1901,  Vol.  XXX,  No.  4,  p.  377),  it  is  stated,  the  first  anatomical 
description  of  this  muscle  was  given  by  Valentine  and  Bruecke  when 
Koelliker  first  demonstrated  the  presence  of  smooth  muscular  fibers  in 
the  iris. 

At  that  time  (1901)  there  was  no  doubt  regarding  the  presence 
and  function  of  the  sphincter  pupillae,  but  as  regards  the  dilator  pu- 
pillEe  there  was  still  considerable  question.  In  making  radial  sections 
of  the  iris  a layer  of  somewhat  lighter  tissue  between  the  connective 
tissue  stroma  of  the  iris  and  the  pigment  layer  on  its  posterior  surface 
was  described  by  Bruch  (1844)  and  has  since  borne  his  name.  It 
was  noticed  as  a hyaline,  structureless  membrane  and  he  eontended 
that  it  was  a continuation  of  the  basal  membrane  of  the  choroid 
which  could  be  followed  over  the  ciliary  processes  to  the  posterior 
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la^'er  of  the  iris.  Pie  remarked,  however,  on  the  numerous  nuclei 
present. 

rienle  was  the  tii^st  to  give  a full  description  of  this  membrane 
(1866).  He  succeeded  in  showing  the  rod-shaped  nuclei  and  he  iso- 
lated the  spindle-shaped  cells.  These,  together  with  the  finely  striped 
appearance  of  its  surface  and  the  distinct  fibers  that  were  differenti- 
ated, led  him  to  declare  that  it  was  a muscular  structure  and  so  he  con- 
sidered it  to  'be  the  dilator  pupilhn. 

“Bruch’s  membrane”  was  renamed  “Plenle’s  muscle.”  Merkel  in 
1873  still  more  definitelj'’  described  Bruch’s  membrane,  or  Henle’s 
muscle,  as  a continuous  muscle  layer  on  the  posterior  surface  of  the 
stroma  of  the  iris.  According  to  him  it  divided  into  two  layers  as 
it  approached  the  sphincter  pupillae,  one  passing  radially  to  the 
pupil  behind,  the  other  forming  peculiar  arched  connections  with 
the  fibers. of  the  sphincter,  the  separate  bundles  leaving  the  radial 
direction  and  becoming  circular.  His  discovery  and  reports  were  re- 
ceived by  some  and  strongly  contested  by  others.  It  is  not  the  province 
of  this  article  to  follow  the  history  of  the  progress  that  was  made. 

It  is  commonly  conceded  now,  for  it  has  been  definitely  demon- 
.strated,  that  the  dilator  pupillae  muscle  has  its  origin  in  the  root  of 
the  iris  and  its  insertion  somewhat  as  first  described  by  Henle. 

Grunert  maintains  that  it  is  a sheet  muscle,  or  continuous  muscle 
layer,  since  it  is  not  absent  in  any  of  the  radial  sections  of  the  iris. 
This  position  is  denied  by  Henderson  as  reported  elsewhere  in  this 
article.  (See  Muscles  of  the  iris.)  Grunert  claims  there  is  consid- 
erable difference  in  the  elasticity  between  the  anterior  and  posterior 
layers  of  the  iris;  that  the  anterior  layers  composed  of  loose  stroma 
are  not  as  extensile  as  the  posterior.  Moreover,  that  in  miosis  the 
extensibility  of  the  anterior  layers  is  reached  first,  the  consequence 
being  that  when  the  limit  of  the  extensibility  of  the  posterior  layers 
is  reached  there  is  ectropion  of  the  pupillary  margin.  In  mydriasis, 
on  the  other  hand,  this  ectropion  iridis  disappears  from  the  greater 
contraction  of  the  posterior  surface  of  the  iris  which  drags  the.  pos- 
terior border  a little  farther  up  on  its  posterior  aspect. 

Eversbusch  (1885)  explained  the  existence  of  slit-like  pupils  in 
certain  animals  on  the  ground  that  the  oblique  connecting  fibers  in 
the  iris  are  not  disposed  regularly  around  the  circle  of  the  iris,  but 
occur  on  opposite  sides  where  they  fix  the  ring  muscle  and  draw  the 
pupil  lengthwise  in  contraction  states.  (See  Cat-like  pupils  in  this 
section.) 

During  mydriasis  the  iris  is  emptied  of  blood  and  the  ciliary  proc- 
esses are  filled.  The  posterior  chamber  is  flattened  and  the  root  of  the 
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iris  becomes  cord-like.  Because  of  the  deficient  muscular  tissue  in 
the  walls  of  the  blood  vessels  of  the  iris  the  dilator  pupillse  assumes 
the  function  of  a vaso-motor. 

Widmark  {Arch,  of  Ophth.,  Jan.,  1901,  Vol.  XXX,  No.  1,  p.  107), 
studied  five  eyes  tliat  were  enucleated  for  sarcoma  to  demonstrate,  if 
possible,  the  existence  of  the  dilator  pupilljE  muscle.  He  found  that 
the  so-called  ‘membrane  of  Bruch”  was  composed  of  very  long, 
closely  lying  cells  containing  individual  nuclei  and  that  they  re- 
sponded to  the  same  stain  as  the  cells  of  the  sphincter  pupill®  and 
were  therefore  to  be  considered  as  being  unstriped  muscle  cells.  Heer- 
fordt  in  his  studies  on  the  dilator  pupillie,  published  in  .Copenhagen 
in  1900,  proved  the  same  thing.  He  noted  further  that  when  the 
pupil  is  contracted  with  eserin  the  cells  are  separated  and  are  readily 
distinguished. 

A.  Alt  {Amer.  Jo\ia'.  Ophthal.,  Sept.,  1907),  calls  attention  to  the 
fact  that  the  modern  text-book  speaks  of  the  dilator  muscle  of  the  pu- 
pil as  an  undoubted  and  well  proven  entity  and  give  nice  and  simple 
illustrations.  He  states  the  question  is  still  siCb  jiidicc  in-so-far  as 
regarding  it  as  a well  defined  and  distinctly  muscular  structure. 

Henle,  Merkel,  Luschka,  Jeropheeft*  and  others  state  this  mem- 
brane consists  of  unstriped  muscular  fibers  but  their  antagonists, 
Gruenhagen,  Hampelin,  Schwalbe,  Michel,  Koganei,  Fuchs  and  others 
describe  it  as  ‘ a structureless  hyaline  membrane  with  elastic  prop- 
el ties  or  as  a tissue  midway  between  elastic  and  connective  tissue. 
Alt  himself  by  the  employment  of  a refined  method  of  staining  was 
among  the  first  to  demonstrate  separate  muscular  fibers  running  di- 
vergently from  the  pupillary  sphincter  to  the  root  of  the  iris.  They 
were  differentiated  as  a single  row  of  spindle  cells  with  rod-shaped 
nuclei  and  indistinct  cell  outlines  lying  anterior  to  the  pigment  layer 
of  the  iris.  He  now  states, — ‘ ‘ Granted  then  that  we  have  seen  and 
described  the  musculus  dilator  pupillae,  it  appears  that  it  is  rather  a 
weak  muscle  in  comparison  with  the  sphincter  pupillse.  It  seems, 
therefore,  very  proibable  that  its  action  is  enhanced  by  the  contraction 
of  the  iris  arteries  and  perhaps  by  the  relaxation  of  the  sphincter 
muscle  whenever  dilatation  of  the  pupil  takes  place.”  (See  Muscula- 
ture, this  section.) 

Dimension,  The  physiological  pupillary'.  Schirmer  in  1894  re- 
ported a series  of  observations  to  determine  the  physiological  pupil- 
lary dimension.  He  decided  that  this  dimension  can  be  determined 
by  noting  the  size  of  the  pupil  in  a normal  individual  who  is  ex- 
posed four  minutes  to  the  light  after  coming  from  a dark  room;  and 
also  the  size  of  the  pupil  after  the  patient  is  in  darkness  fifteen  min- 


PUPIL,  THE,  IN  HEALTH  AND  DISEASE 


10629 


utes.  The  difference  in  the  size  of  the  pupil  noted  in  the  liglit  in 
nnn.  and  that  of  the  pupil  measured  in  the  dark  in  mm.  gives  the 
dimension.  He  also  found  that  the  pupil  did  not  alter  its  size  when 
light  intensity  was  used  between  100  candles  and  1100  candles.  (See 
N annul  ‘pupil,  this  section.) 

Dionin,  Effect  of.  Suker  (Chicago  Ophth.  Society,  March  13, 
1906)  reported  the  ease  of  a man  of  twenty-one  who  had  had  his  eye 
hit  by  the  explosion  of  a percussion  cap.  There  was  plastic  irido- 
cyclitis present.  In  order  to  aid  in  dilatating  the  pupil  he  used 
powdered  dionin.  Much  to  his  surprise  the  most  pronounced  miosis 
developed.  The  pupil  was  hardly  visible  and  it  refused  to  dilate 
after  atropin  drops  were  applied  for  several  hours,  even  then  the 
pupil  only  became  the  size  of  a pin-hole. 

The  same  powder  was  used  in  another  patient  who  had  iridocyclitis 
to  see  if  the  same  result  would  follow,  but  no  such  effect  was  pro- 
duced. Faith  had  seen  a similar  case  of  miosis  following  the  use  of 
dionin. 

Dodd  had  seen  slight  miosis  in  several  cases  following  the  use  of 
dionin.  Loring  used  a 5 per  cent,  solution  of  dionin  in  a boy  whose 
pupils  were  fully  dilated  from  several  days’  use  of  atropin;  fifteen 
minutes  after  the  dionin  was  instilled  the  pupils  were  contracted  to 
3 mm.  and  remained  so  for  about  one  hour,  when  they  began  to 
slowly  dilate.  Colburn  had  produced  contracted  pupils  by  means 
of  dionin. 

Toezyski  {Zeitseh.  f.  AugenheilJc.,  July,  1912)  reports  that  dionin 
causes  contraction  of  the  pupil  and  increased  intraocular  tension 
at  the  same  time.  This  lasts  about  four  hours  and  is  followed  by 
slight  mydriasis  and  sub-normal  tension.  The  mydriasis  begins  to  be 
manifested  while  the  tension  is  still  up. 

Rutherford  {Ophth..  Record,  Vol.  XV,  No.  10)  claims  that  dionin 
combined  with  atropin  and  used  in  cases  of  iritis,  assists  in  dilating 
the  pupil. 

Diphtheritic  paralysis.  Weisenhurg  (Posey  and  Spiller — The  Eye 
and  Nervous  System,  p.  605)  states  that  approximately  one  fourth  of 
the  total  number  of  cases  of  diphtheria  is  followed  by  paralysis.  As 
a rule  the  paralysis  does  not  appear  until  the  active  diphtheria  has 
entirely  departed.  Next  to  paralysis  of  the  soft  palate  the  most 
frecjuent  form  of  paralysis  of  diphtheria  origin  is  referable  to  the 
ciliary  muscle.  The  accommodation  is  lost. 

Weisenhurg  states  the  pupils  are  of  normal  size  and  the  light  reflex 
is  never  lost.  Since  the  advent  of  antitoxin  in  the  therapy  of  diph- 
theria we  no  longer  see  so  many  cases  of  this  kind. 
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The  cause  of  paralysis  of  accommodation  has  not  been  definitely 
proven.  Meyers  found  a disappearance  of  the  axis  cylinders,  changes 
in  the  myelin  and  increase  of  nuclei  of  the  endoneurium  of  the  third 
nerve,  while  Wilbrand  and  Saenger  believe  the  eycloplegia  to  be  due 
to  nuclear  or  central  lesions. 

Direct  light  reflex  test.  Tn  conducting  this  test  the  patient  should 
stand  with  his  face  squarely  in  the  light,  preferably  where  there  is  a 
bit  of  sky  exposure,  but  the  diffuse  light  of  day  is  to  be  used;  not  the 
sunlight.  It  is  desirable  to  avoid  the  act  of  convergence  or  accom- 
modation ; therefore  the  patient  is  instructed  to  direct  his  gaxe  and 
attention  to  an  object  out  of  the  window  at  infinity.  Then  both  eyes 
are  covered  by  the  palms  of  the  observer’s  hands,  being  careful  not 
to  stimulate  the  skin  of  the  face  by  the  touch  (as  with  cold  or  wet 
hands).  The  eye  being  tested  is  then  uncovered  and  the  behavior  of 
the  pupil  noted. 

Meeks  (Posey  and  Spiller,  p.  299)  recommends  the  following  test: 

The  patient  should  be  placed  in  a dark  room  facing  and  fixing  a 
single  source  of  light.  The  light  should  be  not  more  than  one  meter 
from  the  patient.  One  eye  of  the  patient  is  excluded  from  the  light 
by  covering  it  with  the  hand  or  some  opaque  object.  By  means  of  a 
concave  lens  (15  or  20  D.)  the  light  is  now  focused  in  the  exposed 
eye,  the  patient  not  being  permitted  to  look  in  any  other  direction 
than  in  a direct  line  to  the  light.  The  light  may  be  thrown  into  the 
eye  and  out  of  the  eye  at  the  will  of  the  examiner.  The  position  and 
direction  of  regard  eliminate  any  influence  upon  the  pupil  by  accom- 
modation or  convergence.  The  strong  illumination  of  the  eye  thus 
obtained  makes  it  possible  to  determine  with  certainty  the  presence 
or  absence  of  the  pupillary  light  reflex.”  (See  also  Examination  of 
the  pupil  in  this  section.) 

Discoria.  This  implies  congenital  irregular  contour  of  the  pupil. 

1 he  pupil  may  be  notched  on  one  side,  especially  downwards,  sug- 
gesting an  abortive  attempt  to  produce  a congenital  coloboma  during 
the  .stage  of  development.  In  other  cases  we  have  slit-like  pupil 
running  horizontally,  as  was  observed  in  a case  in  the  writer’s  prac- 
tice. (See  Cni-like  pnpils  herein.)  The  condition  was  present  in 
one  e.\6  only.  Heterochromia  wa.s  also  present.  There  was  some 
re.sponse  to  light  and  the  upper  part  of  the  pupil  dilated  shortly  after 
homatropin  drops  were  instilled.  Discoria  maj'’  be  present  in  the 
cases  of  persistent  pupillary  membranes,  as  previously  described. 

Dislocathn  of  the  lens.  (Suhluxatio  lentis  traumatica.)  The  pupil 
is  often  dilated  irregularly  in  traumatic  partial  dislocation  of  the 
lens  from  (a)  shock  and  consequent  paralysis;  (b)  mechanical  pres- 
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sure  and  weight  of  the  dislocated  lens  dragging  the  lower  part  of  the 
iris  down.  In  such  cases  two  shades  in  the  pupil  space  arc  noted  hy 
focal  illumination.  First,  a deep-black  crescent  between  the  lens 
and  iris  representing  tlie  area  of  actual  detachment  of  the  suspensory 
fibei"s,  and  a grayish  reflex  even  when  the  lens  is  normal,  representing 
the  lens  itself  which  appears  grayish.  By  the  ophthalmoscope  the 
i-ed  reflex  reveals  two  areas  of  illumination,  one  through  the  dis- 
located lens  and  the  other  through  the  rupture  of  the  zonule.  The 
edge  of  the  lens  shows  as  a dark  curved  line  separating  these  areas. 
(See  also  Concussio  oculi  in  this  section.) 

Diseases  of  the  ear.  Sauvineau  {Ann.  d’ocnl.,  Vol.  CVIII,  p.,  321) 
noticed  strabismus,  miosis  and  nystagmus  in  an  ear  case  which  he  ex- 
plained as  being  due  to  reflex  irritation,  transmitted  from  the  fila- 
ments of  the  trigeminus,  or  from  the  vestibular  nerve  to  Deiter’s 
nucleus  and  thence  to  the  nucleus  of  the  ocular  muscles  involved. 

Eco-nomic  valm  of  the  size  and  shape  of  the  pupil.  While  it  is 
granted  that  the  smaller  pupil  affords  increased  acuity  of  vision  in  a 
given  case  as  compared  with  a dilated  pupil  in  the  same  case,  the  fact 
remains  that  good,  even  perfect,  vision  does  not  in  any  way  depend 
on  the  size,  shape  or  even  location  of  the  pupil.  The  pupil  after  in- 
juries and  cataract  extractions,  etc.,  may  be  very  much  displaced, 
even  beyond  the  center  of  the  cornea  in  any  direction.  It  may  be 
any  shape  from  a mere  slit  to  a wide  coloboma. 

The  necessary  prerequisite,  hon^ever,  is  that  the  axis  of  vision, 
wherever  it  may  be  displaced,  shall  be  unimpeded  by  scars  and  astig- 
matic and  spherical  refractive  errors.  After  the  cataract  operation 
the  round  pupil  is  a source  of  much  gratification  to  the  operator,  but 
the  patient’s  vision  is  in  no  way  improved  on  account  of  the  pupil 
being  round.  A U-shaped  pupil  or  any  other  will  give  just  as  good 
vision,  granted  that  the  pathway  of  vision  is  clear. 

Much  disappointment  has  followed  the  performance  of  optical  iri- 
dectomy to  produce  a clear  pupil  to  the  side  of  a central  macula  of 
the  cornea.  The  fact  that  the  patient  will  continue  to  use  his  old 
visual  axis  that  is  directed  through  the  scar,  even  after  a clear  space 
is  created  to  one  side,  is  ofteii  overlooked.  If,  however,  the  central 
opacity  is  tattooed  tlie  patient  will  soon  learn  to  use  the  new  visual 
axis. 

Anotlier  source  of  disappointment  is  that  the  cornea  after  an  optical 
iridectomy  is  oftoi  found  to  be  affected  with  a diffuse  macula  that  had 
bee?i  undetected  until  the  black  back-ground  produced  by  tlie  coloboma 
was  ci’eated.  Nevertheless  much  good  has  resulted  from  the  perform- 
ance of  optical  iridectomy  in  selected  cases. 
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Ectropion  of  uveal  pigment  (pathologic).  Stern,  investigating  ectro- 
pmm  of  the  pigment  of  the  pupillary  margin,  examined  four  specimens 
microscopically  in  which  the  ectropium  of  the  pigment  had  been  ac- 
quired from  traumatism.  The  traumatism  was  most  intense  in  the 
deeper  structures  of  the  eye,  some  having  detached  retina  and  others 
grave  uveal  lesions.  There  was  a gi-owth  of  pigment  epithelium  all 
around  the  pupillary  margin.  The  root  of  the  iris  was  adherent  to 
the  cornea  and  there  was  atrophy  of  the  iris  ti.ssue.  Other  changes 
noted  were  marked  sclerosis  and  obliteration  of  the  blood  vessels  of  the 
iris,  hemorrhages  in  the  anterior  chamber  and  also  hypertrophy  of  the 
sphincter  muscle  of  the  iris.  From  these  anatomical  investigations  he 
reached  the  conclusion  with  regard  to  the  pathogenesis  of  the  ectro- 
pium uvea,  that  the  lesions  of  the  vessels  caused  disturbance  of  nutri- 
tion of  the  pigment,  which,  in  turn  produced  augmentation  and  ex- 
ubeiance  of  the  cells  resulting  in  heaped-up  masses  of  pigment  around 
the  pupil  margin. 

Masses  of  pigment  in  the  pupil  margin  resembling  melanoma  have 
been  observed  by  Risley  (Op/i^7i.  Record,  June,  1911,  p.  312).  They 
are  apparently  only  aggregations  of  the  normal  marginal  pigment 
cells,  similar  to  the  condition  found  in  the  pupils  of  horses’  eyes  and 
are  of  no  apparent  pathological  significance. 

He  mentions  the  case  of  a young  woman  who  had  a large  pigment 
mass  on  the  nasal  side  of  the  pupil  which  produced  not  the  slightest 
irritation.  The  condition  is  sometimes  called  “ectropium  of  the  retinal 
pigment.  There  should  be  a clear  distinction  between  congenital 
ectropium  of  the  uveal  pigment  and  the  acquired  form.  The  latter 
is  a progressive  lesion  that  i.s  often  of  grave  import,  while  the  former 
is  a physiological  (embryological)  peculiarity. 

Edinger-Westphal  nucleus.  “The  nucleus  of  the  motor-oculi  nerve 
lies  below  the  aqueduct  of  Sylvius.  This  group  of  cells  consists  of  a 
median  nucleus  with  a lateral  nucleus  on  each  side  of  it.  Anterior  to 
these  a group  of  small  cells  is  found  on  each  side  of  the  median  line  and 
is  known  as  the  Edinger-Westphal  nucleus,” 

It  is  this  nucleus  that  is  supposed  to  supply  the  impulse  to  the 
sphincters  of  the  ciliary  and  iris ; it  is  not,  strictly  speaking,  a part  of 
the  third  nerve  as  it  is  composed  of  an  independent  nucleus  and  fibers, 
the  former  of  which,  as  above  described,  is  independent  and  the  latter 
pursue  an  independent  course  and  distribution.  Nevertheless,  the 
centers  for  innervation  of  the  convergence  lie  so  close  to  the  centers 
for  accommodation  and  pupillary  contraction  that  they  act  as  one,  for 
the  acts  of  convergence,  accommodation  and  pupil  contraction  are 
rarely  disassociated. 
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Eel  serum,  Effect  oiv  tlie  pupil  of.  Steindorff  {Arckiv.  f.  Ophthal., 
LXXXVIII,  p.  158),  experimenting  with  eel  sermn,  reports  that  the 
intravenous  injection  of  this  serum  in  animals  produces  a very  intense 
miosis.  The  miosis  is  greater  than  that  produced  by  eserin  and  does 
not  yield  to  atropin.  It  does  not  occur  in  immunized  animals  and  the 
serum  is  rendered  inert  as  regards  its  miotic  effect  on  the  pupil  by 
boiling  or  treating  with  ultra-violet  light.  The  cause  of  the  miosis  is 
not  known. 

Eel  serum  dropped  in  the  eye  incites  an  intense  conjunctivitis. 

Embolism  of  the  central  retinal  artery,  Pupil  reaction  in.  Tyson 
{Arch,  of  Ophth.,  January,  1902,  Vol.  XXXI,  No.  1,  p.  68)  reports  a 
case  of  embolism  of  the  central  artery  of  the  retina  with  the  preserva- 
tion of  a small  patch  of  sight  in  the  macula  owing  to  the  presence  of 
a cilio-retinal  artery.  In  this  case  the  pupil  of  the  affected  eye  was 
larger  than  the  other  and  reacted  sluggishly  to  light  and  accommoda- 
tion. Wlien  this  eye  was  illuminated  the  pupil  of  the  other  eye  reacted 
promptly,  but  when  the  other  eye  was  illuminated  the  pupil  of  the 
affected  eye  reacted  slowly  and  partially. 

This  is  interesting  as  going  to  prove  that  there  is  a direct  relation 
between  the  pupillary  fibers  and  the  visual  fibers  as  regards  their  dis- 
tribution and  arrangement  in  the  retina.  It  also  is  an  argument  in 
rebuttal  of  Hess’  recent  declaration  that  the  macular  region  in  an  area 
of  6 mm.  in  diameter  is  the  only  place  where  the  pupillomotor  fibers 
exist.  If  Hess’  theory  were  correct  one  would  expect  Tyson’s  case  to 
show  a normal  reaction  of  the  pupil.  This  argument  is  further  sub- 
stantiated by  the  response  of  the  pupil  unquestionably  found  in  colo- 
boma  of  the  macula  lutea  with  absolute  central  scotoma  or  complete 
destruction  of  the  macular  region.  (See  Retina  in  this  section.) 

Enophthalmos,  Traumatic.  Van  Schevensteen  {Ann.  d’Oculiste, 
Dec.,  1909)  discusses  traumatic  enophthalmos  and  states  that  the  dis- 
ease is  not  the  result  of  injury  to  the  sympathetic  nerve,  as  believed 
by  some.  The  absence  of  contracted  pupil  argues  against  sympathetic 
involvement,  for  in  sympathetic  paralysis  the  pupil  is  always  found 
contracted.  In  the  cases  of  enophthalmos  that  have  come  to  the  notice 
of  the  present  writer  there  was  always  diagnosed  a fracture  of  either 
the  inner  wall  or  the  floor  of  the  orbit,  and  the  opinion  was  formed 
that  the  orbital  fat  had  herniated  into  the  ethmoid  labyrinth  in  the 
former  case  or  the  antrum  of  Highmore  in  the  latter.  The  pupil  in 
one  case  was  dilated  and  fixed  and  the  cornea  was  completely  anes- 
thetic. The  inference  was  that  the  function  of  the  ciliary  ganglion  in 
this  ca.se  was  destroyed. 

Epilepsy.  During  the  epileptic  fit  the  pupils  are  widely  dilated  and 
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do  not  respond  to  light.  This  fact  has  proven  of  great  value  in  its 
medieo-legal  aspect,  and  also  in  diagnosing  malingering,  hysteria,  etc 
But  Gowers  and  Onuf  have  noticed  that  in  the  majority  of  cases  there 
is  extreme  contraction  of  the  pupil  at  the  very  onset  of  the  attack  and 
also  that  the  pupils  are  contracted  in  the  post-convulsive  stage.  During 
the  attack,  however,  the  pupils  are  wide  and  fixed.  After  the  attack” 
and  during  the  exhaustive  stage  which  follows,  the  pupils  may  exhibit 
marked  oscillations.  These  oscillations  are  in  the  nature  of  alternate 
contractions  and  dilations,  but  are  not  always  present.  If  the  cases 
of  epilepsy  are  associated  with  gross  organic  lesion  (“symptomatic” 
epilepsy)  the  pupils  may  exhibit  abnormal  features  independent  of  the 
epileptic  crisis— features  due  to  the  nature  and  location  of  the  cere- 
bral lesion  present. 

Oliver,  of  Philadelphia  {Ophthalmoscope,  May,  1905),  examined 
the  eyes  of  sixty  epileptics  and  made  the  following  observations  as  re- 
gards the  pupils.  (1st)  that  the  pupils  were  usually  oval  or  ovoid  with 
their  long  axes  slightly  downward  and  outward.  (2nd)  The  pupils 
as  a lule  were  unecjual  in  sijce,  that  of  the  left  eye  being  generally  the 
laiger.  This  observation  agreed  with  that  of  Browning  {Jour.  Nerv. 
and  Ment.  Dis.,  Jan.,  1892),  who  first  called  attention  to  anisocoria  in 
epilepsy,  and  (3rd  )the  borders  of  the  pupils  presented  unusual  pig- 
mentary aggregations. 

Eserhi,  The  effect  on  the  pupils.  Risley  {Ophthalmology,  April, 
1915,  "V  ol.  XI,  No.  3,  p.  455)  states  that  eserin  increases  the  irritability 
of  both  striped  and  umstriped  muscle  fibers,  the  effect  apparently  being 
due  to  the  .stimulation  of  the  peripheral  nerve  endings.  It  causes 
marked  contraction  of  the  pupil  by  stimulating  the  peripheral  endings 
of  the  oculo-motor  nerve  and  probably  also  of  the  iris  muscle  itself; 
and  Cheney  {loc.  cit.,  p.  458)  observes  that  eserin  has  a favorable  effect 
on  glaucoma  independent  of  its  miotic  action.  He  reports  a case  where 
there  was  atroplpy  of  the  iris  with  dilated  pupil  which  was  not  in- 
fluenced by  eserin  and  yet  the  tension  of  the  eye  was  reduced  by  its 
use. 

It  has  been  observed  that  the  use  of  a strong  solution  of  eserin  may 
incite  a fulminating  attack  of  glaucoma  with  dilated  pupil,  instead  of 
contracting  the  pupil  and  reducing  the  tension.  The  explanation 
offered  for  this  is,  that  the  irritating  effect  of  the  pungent  solution 
causes  a primaiy  congestion  of  the  iris  which  locks  the  efferent  chan- 
nels tlirougli  swelling  of  the  iris  ti.ssue  and  in  this  instance  the  miotic 
effect  of  the  drug  is  entirely  overwhelmed  and  lost. 

Eserin,  Localizing  value  of.  Krusius  {Zeit.  f.  Augenh.,  Nov.,  1907), 
assuming  that  Shultz  was  right  when  he  stated,  that  eserin  produces 
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miosis  by  stimulation  of  the  nei've-endings  in  the  sphincter,  arg-nes 
that  the  drug  should,  if  that  were  true,  he  of  value  in  determining  the 
location  of  a lesion  causing  mydriasis  as  to  whether  that  lesion  was 
anterior  to  the  roots  of  the  ciliary  ganglion  or  posterior  to  that  gang- 
lion. To  determine  whether  such  could  be  proven  he  applied  tjie  drug 
in  cases  where  the  degeneration  was  known  to  be  anterior  to  the  roots 
of  the  ciliary  ganglion  and  where  the  condition  was  of  long  standing. 
Prompt  miosis  resulted  and  hence  he  declares  that  in  this  connection 
eserin  has  no  diagnostic  value.  On  the  other  hand  it  is  generally 
known  that  in  complete  atrophy  of  the  muscle  tissue  of  the  iris,  as 
noted  in  some  cases  of  long  standing  glaucoma,  eserin  has  no  effect 
on  the  pupil. 

Essentiul  mydriasis.  Magnani  {Arch,  of  OphtJi.,  Nov.,  1904,  Vol. 
XXXVIII,  No.  6,  p.  591)  remarks  that  the  pupil  is  under  the  control 
of  two  different  nervous  impulses.  One  presides  over  reflex  move- 
ments (light  reflex  and  sensory  reflex)  and  the  other  over  the  reactions 
associated  with  convergence  and  accommodation. 

In  a boy  aged  20,  presenting  a partial  dislocation  of  the  lens  (the 
result  of  concussion),  with  irregular  mydriasis  the  pupil  did  not  react 
to  light  but  during  the  convergent  effort  a marked  contraction  of  the 
pupil  was  produced.  Later  on  the  pupil  responded  to  the  light  but 
it  never  resumed  the  natural  size.  There  are  many  observers  who  have 
found  similar  symptoms.  He  calls  the  phenomenon  “essential  my- 
driasis.” 

EthmoidiUs,  Pupil  behavior  in.  A.  Knapp  {Trans.  Am.  Ophthal. 
Hoc.,  1908)  reported  a case  of  double  optic  neuritis  following  suppura- 
tive ethmoiditis  in  which  the  pupils  were  small,  irresponsive  to  light 
and  in  a condition  of  hippus.  The  patient  did  not  have  perception  for 
light.  The  contraction  of  the  pupil  in  this  case  is  difficult  to  account 
for  unless  we  assume  that  the  ciliary  ganglion  and  also  the  sympa- 
thetic nerves  in  the  orbit  were  affected  reflexly  from  the  ethmoid 
inflammation. 

Euphthalmin  as  a mydriatic.  A.  W.  Calhoun,  of  Atlanta  {OphtJuil. 
Pec.,  January,  1902,  Vol.  XI,  No.  1,  p.  43),  writing  on  euphthalmin 
as  a mydriatic,  states, — “Euphthalmin  in  5 to  10  per  cent,  sclution 
IS  an  excellent  and  powerful  mydriatic,  dilating  the  pupil  in  fifteen  to 
twenty  minutes  sufficiently  for  ophthalmoscopic  examinations,  and  in 
thirty  to  forty  minutes  to  its  maximum.  At  the  end  of  twenty-four 
hours  the  return  of  the  ])upil  to  normal  is  complete.  On  account  of  its 
brcwity  of  action  it  is  suj)erior  to  any  other  mydriatic;  in  fact  it  is 
without  a rival  for  dilating  the  pupil  Cor  diagnostic  purposes.  It 
affects  the  accommodation  only  very  slightly  and  no  unpleasant  sys- 
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temic  effects  have  been  observed,  but  it  is  known  to  act  less  promptly 
in  the  aged  than  in  younger  persons.” 

Exannnahan  of  the  pupil.  Coppez  {Arch.  cVophtal.,  Vol.  XXIII, 
No.  2,  p.  85)  gives  an  account  of  the  anatomical  and  physiological  re- 
lations concerned  in  pupillary  disturbances  and  recommends  a definite 
procedure  in  examining  the  pupil.  The  light  reflex  is  tested  by  day- 
light. The  patient  is  directed  to  look  at  a distant  object  for  two  min- 
utes through  a well-lighted  window.  In  this  test  the  pupil  should 
measure  between  2 and  4 mm.  in  diameter,  according  to  the  age  of  the 
patient.  Any  departure  from  this  size  suggests  disturbances.  The 
reaction  to  light  is  then  tested  in  the  usual  manner.  First,  the  direct, 
then  the  consensual,  and  lastly  the  convergence  reaction.  If  the  pupils 
are  unequal  in  size  further  tests  are  made  in  a dark-room  where  this 
inequality  becomes  more  pronounced. 

In  order  to  determine  which  is  the  pathological  pupil,  cocain  is  used. 
If  the  larger  pupil  does  not  dilate  after  cocain  solution  is  dropped  in 
the  eye  he  regards  it  to  be  a case  of  mydriasis  due  to  excitation  of  the 
ddator  fibers.  If  there  is  further  dilatation  from  the  cocain  drops  he 
regards  it  to  be  evidence  of  paralysis  of  the  sphincter  pupill®,  but  if 
there  is  moderate  dilatation  with  cocain  in  the  eye  presenting  the 
larger  pupil  he  interprets  this  to  be  the  normal  behavior  and  regards 
the  other  pupil  to  be  pathological.  In  the  eye  presenting  the  con- 
tracted pupil  atropin  drops  are  used.  If  the  dilatation  is  slight,  he 
regards  it  to  be  a case  of  paralytic  miosis.  If  the  dilatation  is  marked 
he  regards  it  to  be  a ease  of  spastic  miosis. 

Exsangmnahon  hlmdness,  Pupils  in.  In  severe  hemorrhage  when 
the  patient  faints  from  the  loss  of  blood,  he  will  often  complain  of 
total  blindness  before  losing  consciousness.  The  pupils  in  this  state 
are  always  dilated  and  immobile  to  light.  Sometimes  the  blindness  is 
not  associated  with  cardiac  failure.  Cases  have  been  reported  where 
there  was  transient  or  even  permanent  blindness  due  to  the  loss  of 
blood.  It  is  not  known  what  causes  the  blindness  in  these  cases, 
whether  there  is  anemia  of  the  visual  eentere  in  the  cuneus  or  whether 
there  is  ischemia  of  the  retinm  and  optic  nerves.  The  return  of  vision 
is  accompanied  by  return  of  pupillary  response,  but  during  the  period 
of  total  blindness  the  pupils  are  widely  dilated  and  fixed. 

Exfoliation  of  the  iris.  Jackson  (Ophth.  Record,  August,  1900,  Vol*. 
IX,  No.  8)  reported  an  interesting  case  of  exfoliation  of  the  iris  in  a 
man  of  44.  The  pupils  were  free  and  reacted  in  a normal  manner, 
proving  that  the  musculature  was  not  involved. 

An  observation  which  Jackson  did  not  mention  is,  that  in  the  care- 
fully executed  colored  drawings  that  accompany  his  report  one  can 
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see  the  radiating  fibers  of  tlie  dilator  piipilhi?  on  account  of  exfoliation 
of  the  outer  layers  of  the  iris  stroma.  (See  illustration.) 

Exhaustion,  Ahnot'nuil,  of  the  pupillary  light  reaction.  Kutner 
{Arch.  f.  neriK  it.  p.<tych.,  XXTX,  p.  825)  observed  a man  of  26,  in 
whom  the  pupil  of  the  right  eye  reacted  to  the  light  and  was  wider 
than  the  left,  but  after  making  the  test  from  eight  to  fifteen  times,  the 
pupil  seemed  to  become  exhausted  and  would  not  react  singly  nbr  con- 
sensually.  The  response  to  light  returned  after  a thirty  minutes  rest 
in  darkness. 

Exophtlwlmic  goiter.  The  pupils  in  exophthalmic  goiter  usually 
respond  to  the  light  and  appear  normal.  The  writer  has  noticed  that 
they  are  slightly  larger  than  normal.  The  prominence  of  the  ejms 
must  permit  more  light  to  enter  through  the  pupil  and  we  would  ex- 
pect some  contraction  instead  of  dilatation.  We  must  consider,  too, 
that  exophthalmic  subjects  respond  to  other  stimuli  almost  abnormally. 


Right.  Left. 

Showing  Dilator  Pupillae. 

Exfoliation  of  the  Iris.  (Jackson.) 


The  influence  of  hyperthyroidism  on  the  sympathetic,  and  also  of 
mechanical  pressure  or  stretching  of  this  nerve  from  the  enlarged 
gland,  may  in  some  eases  affect  the  size  and  behavior  of  the  pupils. 

Family  iricleremia.  Palmieri  {Annali.  di.  Ottalm.,  fasc.  5-6-7,  1912) 
observed  three  typical  cases  of  congenital  absence  of  the  iris  in  mem- 
bers of  the  same  family.  The  mother  46,  her  daughters,  26  and  24, 
respectively,  presented  this  same  congenital  peculiarity.  They  all  like- 
wise suffered  from  cataract,  nystagmus  and  glaucoma.  Other  families 
similarly  affected  have  been  reported.  (See  Colohoma  fa'milias  in  this 
section.) 

Family  pupillary  difference.  Paterstein  {Berl.  Ophtlialni.  Oe- 
sellsch.,  June,  1913)  observed  a family  of  five  members  in  each  of 
whom  a difference  was  noted  in  the  size  of  the  pupils.  The  reactions 
were  normal.  The  differences  noted  were  physiological. 

Form  of  the  not’mal  pupil.  Kanngieser  (Knapp’s  Archiv.  of  Ophth., 
Vol.  XL,  No.  2,  p.  202)  studying  the  contour  and  position  of  the  pupil 
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in  two  hundred  normal  persons  found  only  five  that  presented  varia- 
tions from  the  circular  form ; in  these  the  pupils  were  longitudinally 
oval.  Among  twelve  of  the  two  hundred  he  found  finely  notched  pupil- 
lary marghis  chiefly  in  old  people.  In  two  instances  only  were  the 
pupils  noticeably  different  in  size.  Four  presented  remains  of  pupil- 
lary membrane  but  ten  others  had  tiny  bosses  of  pigment  extending 
in  the  pupil  space  from  the  free  border  of  the  iris. 

t riedreich’s  disease.  The  pupils  are  normal  in  size  and  reaction  in 
this  disease,  but  in  cerebellar  ataxia,  which  presents  very  similar  nerv- 
ous symptoms  to  Friedreich ’.s  disea.se,  loss  of  pupillary  reflex  reaction 
to  light  is  rather  frequently  ]»resent  and  owing  to  the  pathology  being 
located  not  far  from  the  medulla  where  the  center  for  pupillary  dilata°- 
tion  exists,  there  is  sometimes  found  in  cerebellar  ataxia,  typical  Ar- 
gyll-Robertson  pupils.  The  different  characters  of  the  pupils  in  these 
two  clinically  similar  diseases  should  aid  greatly  in  the  diagnosis. 

Function  of  the  pupil  in  health.  The  pupil  is  designed  for  the  fol- 
lowing main  purposes : 

(1)  To  allow  the  passage  of  rays  of  light  to  the  bottom  of  the  eye 
to  stimulate  those  recipient  elements  of  the  retina  which  are  concerned 
in  the  special  sense  called  ‘‘sight”  and  at  the  same  time  to  afford  a 
return  outlet  for  projection  and  orientation. 

(2)  By  contracting  and  expanding  to  control  that  quantity  of  light 
entering  the  depths  of  the  eye  which  is  nicely  required  to  give  the 
proper  .stimulation  to  the  elements  of  the  retina  and  subserve  the  pur- 
poses of  the  special  sight  sense. 

(3)  To  aid  in  sharp  vision  for  differentiation  by  contracting  and 
cutting  out  the  rays  of  light  that  would  otherwise  pass  through  the 
sloping  sides  of  the  lens  that  lie  behind  the  iris,  or,  in  other  words,  to 

aid  vision  hy  dispelling  spherical  aberration.  This  function  is  in- 
sistent. 

(4)  To  afford  a highway  through  which  the  conscious  living  animal 
may  acquaint  himself  with  objects  beyond  the  scope  of  his  othpr  senses, 
for  his  pleasure,  self-preservation  and  the  perpetuation  of  his  species! 

The  pigmented  iris  performs,  then,  a two-fold  physiological  func- 
tion both  of  which,  by  the  way,  are  somewhat  fanciful.  First,— The 
automatic  physiological  action  of  the  pupil  whereby  it  dilates  in  the 
dark  and  contracts  in  the  light  and  which  is  adjusted  in  beautiful 
adaptability  to  the  needs  for  clear  vision.  Second, — The  pupil  con- 
tracts with  the  effort  at  accommodation  to  objects  close  to  the  eye. 
This  greatly  aids  the  vision.  Occasionally  we  meet  with  persons  pa.st 
fifty  years  of  age,  and  some  near  sixty,  who  have  20/20  distance  vision 
and  also  read  fine  print  at  the  ordinary  distance  near-by  without  lenses. 
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Such  persons  possess  sniall  pupils,  either  natural  (senile),  or  patho- 
logic (miosis),  and  in  them  the  circles  of  diffusion  from  the  lateral 
rays  which  pass  through  the  edge  of  the  i)upil  are  intercepted  allowing 
the  axial  bundle  of  rays  to  enter.  The  axis  ray  is  the  only  one  that 
is  not  refracted  and  it  gives  clear  vision  for  the  reason  that  it  passes 
into  the  very  fovea,  centralis.  But  these  two  aceepted  functions  of  the 
pupil,  viz.,  to  shutter  the  retina  from  excessive  light  and  to  increase 
the  acuity  of  vision,  are  curiously  proven  fanciful  when  we  recall  that 
in  cases  of  irideremia  the  patients  become  accustomed  to  the  light  and 
do  not  complain  of  photophobia  to  any  great  extent,  while  we  are  re- 
peatedly reminded  of  their  ability  to  read  the  finest  print  with  com- 
fort and  ease.  This  is  also  true  in  mydriasis  with  cycloplegia  for  we 
find  the  patients  can  read  perfectly  well  with  a plus  3.0D.  lens  added 
to  their  correction.  There  is  no  question,  however,  that  the  evil  effects 
of  ultra-violet  rays  or  intense  radiant  energy  on  the  retinal  elements 
are  gi*eatly  thwarted  by  the  contracted  pupil.  Natives  living  in  the 
tropics  have  dark  irides  which  is  nature’s  contribution  to  shutter  the 
excessive  glare  in  these  torrid  regions. 

Fusion  (hinociilar ) of  one’s  oivn  pupils.  Kahn  {Arch.  f.  d.  ges. 
Physiologic , Vol.  CXLV,  p.  249)  states  that  a binocular  union  of  one’s 
own  pupils  may  be  readily  produced  by  looking  in  a mirror  with  par- 
allel visual  axes.  There  are  three  images  noticed  in  the  mirror.  The 
middle  or  cyelopic  image  has  two  inner  eanthi  and  one  pupil. 

Galassi-Giff ord  palpehral  reaction  of  the  pupil.  Gilford  {Arch,  of 
Ophthal.,  March,  1900,  Vol.  XXIX,  No.  2,  p.  191),  discussing  the  his- 
tory of  his  discovery  that  the  pupil  contracts  when  the  palpebral  por- 
tion of  the  orbicularis  forcibly  contracted  (1888),  states  that  it  was 
rediscovered  by  Westphal  in  1899  and  apparently  also  by  Piltz  in  the 
same  year.  Piltz  {Neurolog.  Centralhl.,  1899,  6)  mentions  Gifford’s 
discovery  but  claims  priority  for  Wundt.  Gifford  states  that  Wundt 
did  not  make  the  same  observation  regarding  the  reaction  that  he  had 
reported  and  therefore  did  not  anticipate  him.  Wundt’s  language 
was  as  follows:  “Light  stimulus  regularly  causes  a double  reflex, 
first,  a closing  of  the  eyelids  with  a turning  of  both  eyes  inwards  and 
upwards;  and,  .second,  contraction  of  the  pupil,”  but  this  contraction 
is  only  the  ordinary  light  reaction. 

Gifford  grants  that  Galassi  preceded  him  in  his  discovery,  for  in 
1887  {Bulletino  della  Soc.  Lands,  etc.,  Vol.  VTI,  No.  6)  Galassi  re- 
ported “a  new  pupil  reflex”  in  two  women  with  oculomotor  paral- 
ysis. “The  pupil  was  slightly  dilated  and  fixed  to  light  and  con- 
vergence, but  if  the  patient  closed  the  eyes  firmly,  the  pupil  of  the 
unaffected  eye  contracted  sharply.”  Similar  tests  repeated  on  healthy 
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subjects  led  to  the  corroboration  of  the  discovery  that  the  contraction 
0 the  pupil  to  forcible  closing  of  the  eyelids  is  a normal  reaction 
Galassi  subsequently  reported  the  ease  of  a woman  with  fixed  mydria- 
srs  from  third  nerve  palsy  who  exhibited  an  exaggerated  contraction 
ot  the  affected  pupil  to  this  test.  The  fact  that  this  reflex  persists  in 
peripheral  lesions  of  the  third  nerve  when  all  other  pupil  reflexes  are 
fes^ons*”^^  tlifferentiate  between  central  and  peripheral 

Gifford  calls  attention  to  the  fact  that  the  reaction  will  not  occur 
unless  the  orbicularis  palpebrarum  is  employed.  The  contraction  of 
the  brow  (corrugator  supercilii)  together  with  contraction  of  the 
cheek  muscles  can  occur  without  action  of  the  orbicularis  and  the  re- 
action fails  in  this  case.  After  the  contraction  of  the  pupil  in  this 

test  there  occurs  a momentary  dilatation.  (See  W estplial-PUtz  in  this 
section.) 

^^vanic-lighi  reflex.  Bumke  {Zeii.  f.  Psych,  n.  Phys.  d.  Sinn., 
AAAVl,  4,  p.  294)  demonstrates  that  galvanic-light  stimulus  applied 
to  the  eyeball,  produces  reflex  pupillary  contraction  and  applies  the 
test  in  differentiating  the  direct  and  consensual  reaction  by  determin- 
ing the  minimum  of  stimulation  required  to  elicit  response.  In  many 
cases  the  test  was  of  no  determining  value,  but  in  other  instances,  as  in 
cond.hons  of  exhaustion,  the  sensibility  to  galvanic-light  was  increased 
while  the  effect  on  the  pupil  response  was  diminished. 

Ganglion  The  pupil  in  removal  of  the  superior  cervical  sympathetic 
Burglwd  {Brit.  Med.  Jour.,  Oct.  20,  1900)  reports  that  in  a case  after 
.ympathectomy  the  pupil  did  not  contract.  In  another  ease  after  re- 
moval of  the  ganglion  along  with  a new  growth  in  the  glands  of  the 
neck,  the  pupil  on  that  side  immediately  contracted  and  it  also  reacted 
to  the  light.  In  a third  ease  where  the  middle  and  superior  ganglia 

were  removed  for  a tumor  in  the  neck,  there  was  immediate  contraction 
ot  the  pupil. 

It  was  the  hope  of  ophthalmic  surgeons  over  ten  years  ago  tliat  the 
removal  of  the  superior  cervical  sympathetic  ganglion  incases  ot  glau- 
coma would  vvork  a cure  of  the  disease.  The  hope  grew  out  ot  the  dis- 
covery that  after  ganghonectomy  the  pupil  ot  the  eye  became  at  once 
somewhat  reduced.  Other  symptoms,  such  as  partial  ptosis,  enoph- 

mos,  ocular  congestion,  local  hyperidrosis,  etc.,  occurred.  The 
miosis  did  not  last  longer  than  a few  weeks  and  the  increased  tension 
in  glaucoma  returned  so  that  this  surgical  procedure  has  fallen  into 
disrepute.  (See  Sympathectomy  in  this  section.) 

fflaimomu,  Anomalam  cmdition  of  ««  jmpU  in.  Several  observers 
have  found  glaucoma  in  the  pre,sence  of  contracted  pupil.  Coover 
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{Ophth.  Record,  April,  1908,  Vol.  VII,  p.  4)  mentions  such  a case  and 
states  that  the  contracted  pupil  was  clue  to  synechia. 

Strickler  (Ophth.  Record,  January,  1913,  Vol.  XX,  No.  1)  noticed 
that  the  pupil  was  smaller  in  a glaueomic  eye  than  in  the  other  which 
was  normal.  The  tension,  was  raised  to  52  mm.  In  the  discussion 
Jackson  reported  a similar  case  in  which  the  pupil  was  only  a little 
dilated.  It  is  probaible  that  Strickler ’s  case  had  a mild  iritis  causing 
the  contracted  pupil. 

Fernandez  (Archivos.  de.  Oftalmolog.,  June,  1905)  observed  the 
contracted  pupil  in  three  cases  where  there  was  inflammatory  glau- 
coma. The  pupil  was  not  only  contracted,  but  also  fixed ; it  was 
slightly  oval  in  contour  and  appeared  very  much  like  the  pupils  we 
see  in  iritis. 

Glaucoma  ahsohotum.  In  glaucoma  absolutum  there  is  marked 
atrophy  of  the  iris.  Sometimes  the  red  reflex  can  be  seen  through  the 
iris  tissue.  The  pupils  are  always  dilated  and  fixed  on  account  of 
complete  atrophy  of  the  iris.  In  these  cases  eserin  has  no  effect  in 
contracting  the  pupil.  The  muscular  fibers  of  the  iris  have  disinte- 
grated. 

Glaucoma,  Incipient.  Bradburne  (Ophthalmology,  April,  1911,  Vol. 
VII,  No.  3,  p.  384)  writing  on  incipient  glaucoma  states  that  the  in- 
creased intraocular  pressure  acts  upon  the  iris  in  two  ways:  (1)  By 
the  direct  effect  upon  its  vessels  and  nerves.  (2)  By  causing  it  to 
become  displaced  forward  owing  to  the  forward  push  of  the  lens  upon 
AvJiich  it  rests. 

This  double  effect  enlarges  and  weakens  the  action  of  the  pupil.  He 
also  states  that  the  pupil  in  glaucoma  is  dilated  partly  because  of  the 
adhesion  at  the  root  of  the  iris  which  also  accounts  for  the  oval  pupil 
frequently  seen  in  glaucoma. 

Glaucoma,  Incipie^it,  Mydriatic  drugs  in  diagnosing.  Euphthalmin 
lias  been  used  intentionally  in  ej^es  that  presented  signs  of  incipient 
glaucoma,  for  the  purpose  of  establishing  a diagnosis,  by  H.  Knapp 
(see  Archiv.  of  Ophthal.,  Vol.  XXIX,  No.  3).  The  writer  was  in 
Knapp’s  office  at  that  time  and  remembers  the  case  very  well.  Tono- 
meters were  not  in  use  in  those  days  and  palpation  was  the  sole  means 
of  determining  plus  tension.  The  patient  presented  no  evidence  of 
plus  tension  by  palpation,  but  did  present  other  evidence  of  incipient 
glaucoma.  Knapp  intentionally  instilled  euphthalmin  to  dilate  the 
pupil  and  incite  an  attack  of  glaucoma  for  diagnostic  purposes,  main- 
taining that  it  was  safer  for  the  patient  to  have  the  attack  in  his  office 
than  elsewhere.  Euphthalmin  promptly  dilated  the  pupil  and  in- 
duced a +1  tension;  she  was  operated  on  a few  days  later  with 
success. 
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Since  the  advent  of  tonometry  in  routine  practice,  Knapp’s  euph- 
tlialmin  test  is  hardly  justifiable;  it  reveals,  however,  the  relation  be- 
tween dilatation  of  the  pupil  and  glaucoma.  It  is  mentioned  in  many 
text-books  that  anxiety,  emotion,  fright  and  other  jirofound  mental 
states  have  a tendency  to  incite  glaucomic  storms  in  predisposed 
patients.  The  effect  on  the  pupil  in  these  cerebral  states  is  to  produce 
dilatation  through  cortical  action  and  the  glaucoma  declares  itself  as 
the  consequence  of  thickening  of  the  root  of  the  iris  from  dilatation. 

Bach  states  that  “the  well-known  dilated  sluggish  pupil”  was  of 

value  in  diagnosing  two  cases  in  which  the  central  vision  and,  fields 
were  still  normal. 

Glau.v(^nm;  Acute  inflammatorij.  In  all  forms  of  inflammatory  glau- 
coma the  pupil  is  dilated  and  is  either  immobile  or  sluggish  in  reac- 
tion. This  may  be  in  part  due  to  the  obtundity  of  the  retina  on  ac- 
count of  the  intraocular  pressure  whereby  the  vision  is  lowered  and 
the  pupillomotor  nerve  fibers  are  inhibited,  and  also  in  part  due  to  the 
hazy  media  in  glaucoma  which  shutters  the  volume  of  light.  The  con- 
traction of  the  pupil  brought  about  by  eserin  drops  in  eases  where  the 
ins  ti.ssue  is  not  atrophic  very  often  results  in  tiding  over  the  attack 
so  that  the  size  of  the  pupil  in  inflammatory  glaucoma  is  a very  good 
index  as  to  the  state  of  the  eje  and  the  progress  of  the  disease. 

The  increased  intraocular  pres.sure  causes  paralysis  of  the  sphinc- 
ter pupillte  and  so  the  con.sensual  reaction  of  the  pupil  is  inhibited. 
The  direct  reaction  is  also  inhibited.  The  forward  crowding  of  the 
ins  from  tlie  forward  dislocation  or  position  of  the  lens  in  this  disease 
tends,  in  itself,  to  dilate  the  pupil. 

Glaucoma  simplex.  Many  cases  of  glaucoma  simplex  do  not  pre- 
sent any  dilatation  of  the  pupil  that  is  conspicuous;  at  least,  dila- 
tation is  not  one  of  the  necessary  signs  of  the  disease  in,  the’  early 
stages.  The  field  of  vision  becomes  encroached  on  the  nasal  side  and 
the  retina  on  the  temple  side  becomes  atrophic.  The  pupil  will  sooner 
or  later  show  some  dilatation  so  that  the  state  of  the  pupil  in  glaucoma 
simplex  is  a very  good  index  as  to  the  extent  and  progress  of  the  dis- 
ease. It  seems  to  dilate  and  lose  its  ready  response  apace  with  the 
encroachment  of  the  visual  field  and  will  respond  to  light  slightly  even 
when  only  a small  patch  of  live  retinal  fibers  exists  on  the  nasal  side 
of  the  retina  which  permits  seeing  hand  movements  in  the  temple  field. 
(See  Tension,  this  section.) 

Glaucoma  simplex,  Myotics  in.  Posey  {Trans.  Ophtk.  Sect.  A.  M. 
.<“1.  1906)  enters  a plea  for  the  continuous  and  intelligent  use  of  my- 
otics in  the  management  of  glaucoma  simplex.  He  has  found  that 
eserin  or  pilocarpin  in  proper  strength  to  keep  the  pupil  well  eon- 
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traeted  was  successful  iii  halting  the  progress  of  the  disease,  as  re- 
gards its  effect  on  the  vision,  for  long  periods  of  time,  in  one  case 
over  twelve  years.  He  also  advocates  the  use  of  weak  solutions  of 
these  myotics  in  the  fellow  eye  that  may  show  only  a slight  tendency 
to  the  disease.  Since  that  time  (1906)  the  world  has  witnessed  a 
furore  of  operations  (trephining,  cyclodialysis,  sclerotomy,  scleros- 
tomy, aqueo-plasty,  silk  thread  drain,  muleshoe  drain,  etc.)  for  the 
relief  or  cure  of  this  disease,  but  the  following  of  Posey ’s  teaching  as 
to  the  value  of  myotics  properly  used  in  this  form  of  glaucoma  af- 
fords as*  good  results  as  any  known  operation  up  to  this  date  and  is 
far  less  risky. 

The  writer  of  this  section  has  been  in  the  habit  of  instructing  the 
family  of  the  patient  afflicted  with  glaucoma  simplex  to  employ  the 
solution  of  eserin  or  pilocarpin,  not  by  following  a rule  of  the  clock 
but  according  to  the  condition  of  the  pupil,  which  varies  greatly  in 
this  disease.  The  solution  of  eserin  (1  grain  or  I/2  grain  to  the  ounce 
of  water)  and  pilocarpin  muriate  (1  grain  or  2 grains  to  the  ounce 
of  water)  are  prescribed  and  a slip  of  paper  containing  the  follow- 
ing graphic  description  is  handed  to  whomever  is  in  charge  of  the 
home-management  of  the  ease  (see  figure). 

Moreover  it  is  suggested  that  during  the  sunny  hours  of  the  day 
the  bright  light  alone  suffices  to  keep  the  pupils  sufficiently  contracted 
and  that  during  these  hours  the  disease  is  not  progressing,  but  that 
as  the  light  of  day  dies  out,  and  e.specially  during  the  sleeping  hours, 
the  pupils  dilate  under  the  influence  of  the  increased  pressure  aided 
by  the  darkness  and  the  disease  progresses  most  during  these  hours. 
Therefore  the  myotic  remedies  are  to  be  used  on  dark  days,  in  the 
twilight  hours  and  during  the  night  time  sufficiently  often  and  of 
sufficient  strength  to  maintain  contracted  pupils  according  to  the 
third  or  “correct”  diagram  shown.  To  do  this  it  is  usually  only 
necessary  to  disturb  the  patient  to  employ  the  drops  once  during  the 
night,  either  at  midnight  or  at  one  o’clock  A.  M.  During  the  sub- 
dued light  of  the  waking  hours  the  remedy  may  be  required  as  often 
as  every  four  hours. 

Posey  (Jonr.  A.  M.  A.,  July  18,  1914)  again  lays  stress  on  the 
great  value  of  myotics  in  this  disease  and  states  they  should  be  relied 
on  in  the  cases  presenting  no  exacerbations.  To  gain  the  full  bene- 
fit, myotics  should  be  properly  used.  Beginning  with  doses  small 
enough  to  avoid  creating  spasm  of  the  ciliary  muscle  and  rapidly  in- 
creasing the  strength  until  the  pupil  of  the  affected  eye  is  strongly 
contracted,  this  contraction  should  be  maintained  as  long  as  life  la.sts, 
using  the  proper  strength  at  intervals  of  three  or  four  hours. 
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Glioma.  The  eye  with  glioma  of  the  retina  is  usually  blind  and 
the  pupil  is  consequently  found  to  be  dilated  and  fixed  but  in  the 
early  stage  there  is  consensual  reaction.  When  the  glioma  causes 
increased  tension  this  consensual  reaction  is  lost.  The  growth  may  be 
plainly  seen  through  the  dilated  pupil  and  crowding  the  lens.  'It 
presents  rather  a characteristic  pinkish  tint  which  is  due  to  its  vas- 
cularity. The  color  of  pseiulo-glioma  is  more  apt  to  be  grayish  in 
case  of  congenital  mesoblastie  mass  while  after  suppurative  choroidi- 
tis the  color  of  the  exudate  in  the  vitreous  is  apt  to  be  yellowish; 
moreover  in  the  latter  thei-e  is  tendency  to  phthisis  bulbi  (minus  ten- 
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Vail's  Scheme  to  Instruct  the  Family  How  Much  to  Keep  the  Pupils  Contracted 

in  Glaucoma  Simplex. 

sion,  salmon-colored  sclerotic,  etc.),  while  in  the  former  there  are 
other  signs  of  congenital  microphthalmos. 

Ghoma  (Pseudo).  The  pupil  in  pseudo-glioma  of  the  retina  is 
usually  immobile  and  three-fourths  dilated.  The  reflex  seen  by  day- 
light inspection  may  be  greenish-yellow,  or  pinkish-gray  and  seems 
to  shine  by  its  own  light,  producing  a striking  appearance  which 
even  the  most  ignorant  mother  will  notice.  The  appearance  of  the 
pupil  is  very  similar  to  that  in  true  glioma.  These  eyes  are  often 
unnecessarily  enucleated. 

Velhagen  {KUn.  f.  Aug.,  50,  Vol.  II,  November,  1912,  p.  580)  no- 
ticed in  the  microphthalmic  eye  of  a child  of  seven  weeks,  a yellowish 
reflex  from  the  pupil  which  had  been  observed  by  the  parents  three 
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weeks  after  birth.  It  was  located  just  behind  the  lens  and  blood  ves- 
sels were  visible  in  the  growth.  The  eye  was  enucleated  and  the 
growth  was  found  to  be  a pseudo-glioma.  There  is  nothing  which  the 
pupil  presents  or  which  can  be  seen  in  or  behind  the  pupil  that  will 
lead  to  a correct  differential  diagnosis  between  true  and  pseudo- 
glioma. The  diagnosis  must  be  made  from  other  clinical  manifesta- 
tions (advancing  growth,  congested  eyeball,  the  incidence  of  glau- 
coma, etc.,  declare  for  true  glioma). 

Glycomt’ia,  Diagnostic  value  of  adrenalin  acting  on  the  pupil  in. 
An  editorial  in  the  Jour.  Amer.  Med.  Assn.,  June  5,  1915,  refers  to 
the  mydriasis  induced  when  epinephrin  solution  is  instilled  in  the 
eye  after  resection  of  the  superior  cervical  sympathetic  ganglion,  as 
demonstrated  by  Meltz  of  the  Rockefeller  Institute  for  Medical  Re- 
search in  1904.  It  seems  that  the  miosis  induced  by  paralysis  of  the 
sympathetic  is  speedily  and  totally  overcome  by  the  action  of  epi- 
nephin  (adrenalin)  so  that  the  pupil  will  in  this  condition  dilate  ad> 
maximum  while  under  the  influence  of  the  drug. 

Loewi  in  1908  also  observed  mydriasis  after  instillations  of  epi- 
nephrin in  the  eyes  of  animals  which  had  had  their  pancreases  excised 
so  that  he  was  led  to  believe  that  the  pancreas  exerts  an  inhibitory 
influence  on  the  sympathetic  system  which  influences  the  sympathetic 
nerve  supplying  the  dilator  pupilljB. 

The  value  of  these  observations  lies  in  the  fact  that  while  in  the 
normal  eye  adrenalin  will  not  influence  the  size  of  the  pupil,  in  cer- 
tain pancreatic  diseases,  e.  g.,  those  associated  with  diabetes,  the  in- 
stillation of  adrenalin  induces  a prompt  mydriasis.  This  was  found 
to  be  true  in  several  cases  so  tested  by  Loewi. 

It  was  next  determined  that  Loewi’s  mydriatic  reaction  could  be 
induced  in  all  conditions  where  there  was  excess  of  sugar  in  the  body 
fluids.  This  last  discovery  tends  to  subvert  the  value  of  the  test  as  a 
pathognomonic  sign  of  pancreatic  disease  associated  with  diabetes. 

(In  phlorizin  diabetes  the  Loewi  phenomenon  cannot  be  obtained.) 
Reports  as  to  the  value  or  reliability  of  this  test  as  a practical  one  are 
lacking.  (See  Adrenalin  in  this  section.) 

Hadb’s  cortical  reflex  of  the  pupil.  Haab  {Arch,  of  Ophth.,  No- 
vember, 1904,  Vol.  XXXIII,  No.  6)  states  that  he  first  mentioned  his 
discovery  of  the  pupil  behavior  under  certain  conscious  mental  efforts 
in  1885,  and  again  in  1891.  The  reaction  of  the  pupil  which  he  then 
noted,  and  which  is  now  known  as  “Haab’s  reflex,”  is  described  in 
his  own  words  as  follows:  “If  in  a room  illuminated  only  by  light 
of  a candle  flame,  the  light  is  placed  so  that  it  will  shine  laterally  into 
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a person  s eyes  when  he  looks  directly  forward  into  the  darkness  a 
marked  contraction  of  both  pupils  takes  place  whenever  his. atten- 
tion IS  directed  toward  the  light  with  no  change  in  the  position  of  his 
eyes.  As  long  as  the  attention  is  directed  on  the  light  and  the  fixa- 
tion of  the  eyes  on  the  dark  wall  is  maintained,  the  pupiils  remain 
contracted,  but  as  soon  as  the  attention  is  transferred  to  the  point 
0 fixation  they  dilate  although  the  quantity  of  light  entering  the 
eye  has  remained  constant  and  all  movements  of  accommodation  and 
convergence  are  excluded.” 

Haah  states  that  we  certainly  have  to  do  with  a reflex  in  this  test 
which  originates  in  the  cortex  rather  than  in  the  lower  centers,  like 
the  usual  reflexes  to  light,  accommodation  and  convergence. 

This  test  can  be  carried  out  on  one’s  own  self  by  two  methods, 
irst:  the  entoptic  test  of  Haah  to  demonstrate  cortical  reflex  of  the 
pupil.  The  subject  mu.st  possess  freely  movable  pupils,  and  not  be 
senile.  A lamp  is  placed  in  a dark-room  so  that  the  light  will  fall  in 
the  eyes  at  an  angle  of  45  degrees.  A card  with  a small  hole  in  it 
IS  leld  half  an  inch  in  front  of  the  eye  which  is  more  distant  from  the 
amp,  while  a large  sheet  of  white  paper  is  hung  vertically  before 
the  eyes  at  the  same  distance  as  the  light  itself,  and  in  such  a way  as 
to  permit  it  to  he  fairly  well  illuminated ; both  eyes  are  now  directed 
towards  this  sheet  of  paper;  the  entoptic  picture  of  the  pupil  will 
then  appear  as  a little  bright  disk.  If  the  attention  is  now  directed 
to  the  light  that  shines  in  the  eye  while  the  eyes  are  looking  straight 
ahead  at  the  white  sheet  of  paper,  the  little  bright  disk  is  immedi- 
ately seen  to  become  smaller,  but  this  contraction  does  not  last  very 
ong  until  after  one  has  acquired  sufficient  practice  in  concentrat- 
ing his  attention  on  the  light  and  also  at  the  same  time  on  the  little 
bright  disk,  because  the  attention  is  distracted  from  the  light  bv 
observing  the  size  of  the  little  bright  disk.  (See  Subjective  test  of 
pupil  reflex  in  this  section.) 

Second : With  a mirror  which  is  held  in  front  of  the  eyes  while 
the  light  IS  placed  at  an  angle  of  forty-five  degrees  to  one  side  and  the 
eyes  are  fixed  on  the  reflection  of  one  pupil  in  the  mirror.  A concave 
mirror  will  give  the  best  result  on  account  of  the  larger  image  The 
quantity  of  light  must  be  carefully  adjusted  because  if  too  small 
the  pupils  will  be  invisible  and  the  te.st  will  not  be  demonstrable. 

le  light  .should  fall  in  one  eye  only,  which  permits  the  other  eve 
to  observe  the  pupil  in  the  reflection.  If  now,  the  observer  will  con- 
centrate Ins  attention  on  the  light  which  is  at  one  side,  he  will  notice 
a contraction  of  his  pupil;  if  he  directs  his  attention  on  the  darkness 
of  his  pupil  as  seen  in  the  mirror  it  is  seen  to  dilate,  only  to  contract 
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again  when  the  attention  is  shifted  to  the  light.  The  same  test  holds 
good  if  the  light  is  held  above,  below,  or  to  either  side. 

The  pupils  aet  eonsensiially  and  the  amount  of  contraction  is  pro- 
portionate to  the  degree  of  illumination.  The  influence  of  accommo- 
dation and  convergence  are  entirely  ruled  out,  because  of  the  fact 
that  the  eyes  are  held  quietly  in  one  position,  and  the  eye  does  not 
accommodate  to  objects  at  one  side.  The  light  and  the  white  paper 
are  held  at  the  same  distance  from  the  eye  to  rule  out  any  possibility 
of  accommodation. 

There  is  no  doubt  the  test  demonstrates  the  cortical  reflex  of  the 
pupil  because  all  other  influences  are  stable. 

Haab  maintains  that  this  test  proves  that  descending  fibers  run 
from  the  cortex  to  the  oculo-motorius,  the  stimulation  of  which  is 
transmitted  through  the  pupillary  fibers.  This  is  not  to  be  wondered 
at  foi  it  is  similar  to  other  connections  that  we  know  must  exist  be- 
tween the  cortex  and  nuclei. 

Haab  undertook  to  find  a clinical  value  to  his  test  and  came  to  the 
conclusion  that  in  certain  diseases  of  the  brain  we  can,  by  this  test, 
sometimes  glean  valuable  information.  He  found  the  test  would  not 
apply  in  cases  where  the  pupil  was  sluggish,  as  in  tabes,  general  par- 
alysis, etc. 

Health  and  disease.  Stieren  {Penn.  State  Med.  Soc.  Trans.,  Sep- 
tember, 1911)  discussing  this  subject  states  that  section  of  the  third 
cranial  nerve  causes  dilatation  of  the  pupil,  due  to  paralysis  of  the 
sphincter,  and  stimulation  of  this  nerve  contracts  the  pupil ; while 
section  of  the  cervical  sympathetic  causes  contraction  of  the  pupil 
by  paralyzing  the  dilator,  and  stimulation  of  the  cervical  sympa- 
thetic causes  dilatation  of  the  pupil — as  do  also  certain  emotions  that 
act  on  the  sympathetic  system.  The  pupil  of  a normal  eye  will  con- 
tract when  light  is  thrown  upon  it,  no  matter  what  portion  of  the 
letina  is  illuminated.  The  reaction  of  light  is  always  symmetrical, 
though  the  illuminated  pupil  usually  becomes  smaller  than  the  one 
lemaining  in  the  dark.  In  tabes  and  in  general  paralysis,  the  light 
leflex  is  often  aboli.shed  although  the  pupils  at  thasame  time  react  to 
accommodation  and  convergence.  This  syndrome  is  known  as  the  Argyll- 
Robertson  pupil.  For  the  light  reflex  to  be  present  and  the  con- 
vergence reflex  absent,  i.s  a condition  that  occurs  hut  rarely.  Among 
the  other  pupillary  reactions  an  important  aid  to  the  diagnosis  of 
lesions  of  the  optic  tract  is  A¥ernicke’s  pupil  reflex. 

The  pupils  of  healthy  individuals  are  usually  symmetrical  in  size 
and  shape.  They  are  larger  in  childhood  than  in  old  age.  Dilated 


10648 


PUPIL,  THE,  IN  HEALTH  AND  DISEASE 


pupils  ill  the  aged,  or  contracted  pupils  in  the  young,  when  not  due 
to  local  ocular  trouble  or  to  drugs,  calls  for  a thorough  examination 
of  the  nervous  s^'stem.  A considerable  deviation  in  the  normal  posi- 
tion of  the  pupil  often  occurs  after  cataract  operations.  The  condi- 
tion of  the  pupil  during  the  administration  of  chloroform  is  all  im- 
portant, as  dilatation  under  complete  narcosis  with  no  response  to 
light  or  accommodation  is  a danger  signal. 

In  the  discussion,  Posey  stated  there  were  several  phases  to  the 
subject  that  seem  to  merit  special  mention.  One  is  the  aid.  that  the 
pupil  gives  in  diagnosing  paresis.  Inequality  or  irregularity  in  the 
size  or  shape  of  the  pupils  in  an  adult,  with  perhaps  some  slight  dis- 
turbance in  their  reaction  to  light,  either  directly  or  indirectly,  should 
always  awaken  the  suspicion  of  paresis ; or,  if  paresis  be  not  the  nervous 
lesion,  some  other  equally  important  disease  of  the  cerebro-spinal 
system  may  be  present.  He  mentioned  the  case  of  an  apparently 
healthy  young  man  who  came  for  the  correction  of  an  error  in  refrac- 
tion. The  presence  of  a persistent  irregularity  in  the  size  of  his  pu- 
pils at  various  times  awakened  the  suspicion  of  some  trouble  with  his 
central  nervous  system.  Further  inquiry  elicited  the  fact  that  he  was 
the  subject  of  epilepsy.  “We  all  know  that  pupillary  signs  often 
antedate  all  other  sjunptoms  of  tabes.  The  aid  that  the  pupil  may 
give  in  making  the  diagnosis  between  tabes  and  cerebrospinal  syphi- 
lis, a differentiation  that  is  not  always  easy,  is  not  so  generally  rec- 
ognized. The  Argyll-Robertson  pupil  is  generally  indicative  of  tabes. 
Unilateral  ophthalmoplegia  interna,  of  syphilis.  Inequalities  in  the 
size  of  the  pupil  and  disturbance  in  the  reaction  are  found  in  the 
early  stages  of  cerebral  syphilis,  often  associated  Avith  optic  neuritis; 
while  palsies  of  the  extraocular  muscles,  as  a rule,  belong  to  the  later 
stages.  When  syphilitic  palsies  do  occur  in  the  early  stages,  they 
develop  more  gradually  and  persist  longer.  Tabetic  palsies  mani- 
fest a tendency  toward  speedy  disappearance  and  frequent  recur- 
rence. Conjugate  deviations  and  ophthalmoplegia  externa  are  caused 
almost  exclusively  by  syphilis.  ’ ’ 

“A  unilateral  iridocycloplegia  may  remain  the  one  symptom  of 
syphilis  of  the  nervous  system  for  years.”  (See  also  Pathology  of 
the  pupil  m this  section.) 

“He'milicnesia,”  or  hemianopic  pupillary  inaction.  Jess  {Arch.  f. 
Augen.,  71,  p.  66)  states  that  according  to  his  investigations  the  ex- 
istence or  non-existence  of  hemiopic  pupillary  reaction  or  “hemi- 
kenesia”  (as  Hess  has  named  the  phenomenon),  has  been  proven  by 
the  apparatus  of  Hess,  which  eliminates  diascleral  light,  to  be  a reli- 
able diagnostic  aid  ih  the  localization  of  cerebral  affections.  The 
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opinions  as  to  the  value  of  hemikenesia  have  been  divided  because  of 
the  faulty  technic  employed  by  some  in  eliciting  the  test.  Jess  ex- 
amined eight  cases  of  hemianopsia  with  the  refined  and  reliable  method 
exploited  by  Hess,  both  as  regards  hemikenesia  and  the  adjusting 
movements  as  described  by  Wilbrand,  and  was  much  gratified  with 
the  exact  value  of  the  Wernicke  reaction  test  by  the  newer  methods 
he  employed.  Three  of  the  cases  were  definitely  proven  at  the  au- 
topsy to  have  been  correctly  diagnosed  as  to  the  location  of  the  lesion. 
One  had  a sagittal  division  of  the  chiasm  causing  bi-temporal  hemian- 
opsia. In  each  of  these  cases  the  inaction  of  the  pupil  to  illumination 
of  the  blind  half  of  the  retina  was  positively  demonstrated.  The  third 
case  was  that  of  a tumor  of  one  occipital  lobe  with  hemianopsia.  In 
this  case  normal  pupil  response  was  elicited  because  the  pupillary 
light  reflex  arc  was  unaffected.  Other  cases  gave  definite  reactions  or 
non-reaction  of  the  pupil  and  were  followed  up  to  the  post  mortem 
table  and  found  to  be  rightly  diagnosed.  (See  Wernicke’s  test  in  this 
section. ) 

Eeimiopic  pupils  reaction.  Hesse  {KUn.  Monats.  f.  Augen.,  Jan., 
1909)  as  reported  by  Ballantyne  (Oph.  Revieiv,  Mar.,  1909)  makes 
an  important  contribution  to  the  subject  of  the  hemiopic  pupil  phe- 
nomenon. A good  deal  of  controversy  has  centered  around  this  symp- 
tom and  it  is  noteworthy  that  Heddiius,  who  before  Wernicke  indicated 
the  possibility  of  its  occurrence,  was  one  of  the  first  also  to  deny 
the  value  of  the  test  as  reported  elsewhere  in  this  section  (see  Wer- 
nicke’s test).  Those  who  believe  it  to  be  unreliable  base  their  objec- 
tion on  two  arguments:  (1)  that  only  stimulation  of  the  central  part 
of  the  retina  (macular  region)  can  excite  pupillary  contraction  and 
that  the  test  is  therefore  theoretically  impossible,  and  (2)  that  it  is 
practically  impossible  to  stimulate  an  isolated  portion  of  the  retina 
without  at  the  same  time  stimulating  other  parts  by  diffused  or  di- 
ascleral  light. 

It  is  obvious  that  the  reflection  of  light  from  the  ophthalmoscopic 
mirror,  alternately  from  one  retinal  side  to  the  other,  is  open  to  the 
second  of  these  objections  and  Hesse  points  out  that  other  more  care- 
fully devised  methods  of  making  the  test  fail  to  overcome  this  diffi- 
culty. 

The  most  recent  and  most  careful  experiments  on  the  subject  are  • 
those  of  Hess  (see  Pupillomotor  area  of  the  retina  herein)  who  con- 
cludes that  the  pupillary  reflex  can  only  be  excited  by  illumination 
of  an  area  with  a radius  of  3 to  4 mm.  at  the  centre  of  the  retina. 

Hesse’s  first  object  was  to  repeat  the  experiments  of  Hess  and  this 
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he  did  without  being  able  in  any  way  to  offset  his  results.  Several  fur- 
ther series  of  experiments  on  somewhat  different  lines,  also  confirmed 
Hess’s  view  that  the  pupillary  reflex  could  not  be  excited  by  illu- 
mination of  the  periphery  of  the  retina.  He  finally  succeeded,  how- 
ever, in  demonstrating  that  the  pupil  reflex  could  be  so  elicited  by 
the  use  of  a specially  devised  method.  This  consisted  in  an  ingenious 
adaptation  of  the  photographic  apparatus  of  Prof.  Dimmer,  in  whose 
laboratory  his  experiments  were  carried  out. 

All  previous  results  were  fallacious  in  that  they  failed  to  prevent 
the  excitation  of  the  sensitive  macula  by  a certain  amount  of  diffuse 
^ light.  He  succeeded  in  eliciting  a pupillary  contraction  bv  light  stim- 
ulus applied  to  the  retina  as  far  as  45°  or  50°  from  the  'macula,  but 
the  powerful  illumination  required,  and  no  doubt  the  technical’  dif- 
ficulty also,  render  the  test  of  no  practical  value. 

He  concludes,  therefore,  that  while  lie  has  succeeded  in  demonstrat- 
ing the  reflex  excitability  of  the  retinal  periphery  and  while  the  hemi- 
opic  pupil  phenomenon  is  theoretically  possible^  the  latter  cannot  be 
put  to  any  practical  use.  On  account  of  the  fallacies  which  attached 
to  earlier  methods  of  carrying  out  the  test,  the  results  hitherto  re- 
ported are  of  no  value. 

The  paper  also  embraces  notes  on  the  estimates  of  the  minimum  ef- 
fective light  stimulus  and  on  the  question  of  the  “receiving  organ’’ 
for  the  pupil  reflex,  which,  with  Hess,  Hesse  believes  to  be  the  outer 
segments  of  the  cones.  (Sec  also  Wernicke's  test.) 

Tlemianopic  pupillary  reaction  (Knies’)  imthout  lummnopsm 
Knies  {Text-hook,  Am.  Ed.,  p.  55)  states  that  if  the  fibers  of  the  optic 
tract  which  pa.ss  to  the  nucleus  of  the  sphincter  pupilla?  are  alone  de- 
stroyed on  one  side  and  the  anterior  corpus  quadrigeminum  likewise, 
a peculiar  symptom  vmuld  develop,  viz.,  hemianopic  pupillary  reac- 
tion without  hemianopsia.  This  could  only  occur  as  the  result  of  a 
lesion  in  the  narrow  space  between  the  termination  of  the  optic  tract 
and  the  nucleus  of  the  sphincter  pupillge.  According  to  Wendel,  the 
same  thing  could  happen  if  one  ganglion  habenulie  were  destroyed. 
This  test  should  be  applied  in  eases  of  suspected  disease  in  the  region 
of  the  primary  optic  ganglia.  Knies  reports  a case  in  which  the  test 
vas  positive  and  the  clinical  signs  of  disease  were  harmonious  with 
the  theory  that  a lesion  existed  in  the  terminal  ganglion  of  the  corti- 
cal fibers  of  the  optic  tract  in  the  external  geniculate  body. 

Knies  further  states  (p.  113)  that  no  case  of  pure  hemianopic  pupil 
1 eaction  Avith  retained  normal  fields  of  vision  Avas  ever  reported  al- 
though it  is  probable  that  the  condition  is  not  very  rare.  The  reason 
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it  is  not  discovered  is  that  it  produces  no  subjective  symptoms  and 
is  not  searched  for.  (See  Wci'niche’s  piipil  reflex  in  this  section.) 

Hemiplegia,  Inequality  of  the  pupils  in  cerebral.  Klipel  and  Weil 
Klin.  Wocli.,  January  10,  1913)  state  in  about  forty  per  cent, 
of  the  cases  of  cerebral  hemiplegia  there  is  a difference  in  the  size  of 
the  pupils.  This  difference  is  noted  when  coma  sets  in.  In  the  coma- 
tose state  the  wider  pupil  is  on  the  side  of  the  cerebral  lesion,  which 
is  on  the  side  opposite  to  the  hemiplegia.  In  cases  of  hemiplegia 
without  coma  the  dilated  pupil  is  on  the  hemiplegic  side,  or  on  the 
opposite  side  to  the  cerebral  lesion.  Exceptions  to  this  rule  are  noted, 
however,  due  to  the  fact  that  strong  irritation  of  the  cortex  of  the 
brain  produces  a dilatation  of  the  pupil,  while  a weak  irritation  may 
produce  contraction.  Generally  speaking,  in  all  cases  of  coma,  sleep, 
narcosis  and  intoxication  the  pupils  are  contracted.  In  the  coma- 
tose state  the  pupillary  difference  in  cerebral  hemiplegia  is  brought 
about  by  this  contraction  of  one  pupil.  Without  coma  the  differ- 
ence is  brought  about  by  dilatation  of  the  same  pupil.  In  the  for- 
mer case  the  contraction  is  produced  by  the  natural  effect  of  sleep  on 
the  unaffected  hemisphere  of  the  brain.  In  the  latter  case  the  pu- 
pillary difference  is  produced  I^jh  cortical  excitation  of  the  unaffected 
hemisphere.  Pupillary  difference  in  coma  indicates  an  organic  lesion 
and  excludes  hysteria.  Contraction  or  dilatation  of  the  pupil  on  the 
paralyzed  side  is  important  from  a prognostic  standpoint  as  it  indi- 
cates whether  or  not  the  affected  hemisphere  has  the  ability  to  respond 
to  normal  stimuli. 

We  may  accept  it  as  a general  rule  that  the  dilated  pupil  is  usually 
on  the  side  of  the  hemorrhage  and  may  be  the  result  of  paralysis  of 
the  motoroeuli,  irritation  of  the  sympathetic,  or  both. 

Herpes  iridis.  This  rare  disease  has  been  studied  by  Bellwinkel 
(Inag.  Dissert.,  Munich,  1913).  He  collected  the  histories  of  nine 
cases.  Herpetic  vesicles  appear  on  the  pupillary  border  of  the  iris 
associated  with  hemorrhages  in  the  anterior  chamber  and  usually 
herpetiform  keratitis.  Pain  is  a prominent  sj^mptom.  The  compli- 
cations noted  are  profound  synechia  with  occlusion  of  the  pupil. 
Other  complications  are  glaucoma,  optic  Jieuritis,  macula  cornea, 
ane.sthesia  of  the  cornea,  etc.  The  iris  presents  an  appearance  some- 
what similar  to  that  of  syphilitic  condylomata. 

Herpes  zoster  ophthalmicus.  In  this  condition  paralysis  of  the 
sphincter  pupilhe  is  not  uncommon,  the  i)upil  being  widely  dilated 
and  fixed.  This  is  by  no  means  the  invarial)le  rule.  Slightly  dilated 
and  sluggish  pupil  is  more  common,  being  due  to  paral^'sis  of  the 
sensory  nerves  of  the  iris. 
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Wallace  (Ophtli.  Record,  Vol.  XX,  No,  3)  noted  moderate  dilata- 
tion and  irregularity  of  the  pupil  of  the  atfeeted  eye  with  no  response 
to  light.  This  was  associated  with  paralysis  of  the  other  branches 
of  the  third  nerve.  In  a typical  case  recently  observed  by  the  pres- 
ent writer  the  third  nerve  was  not  involved,  but  there  was  paralysis 
of  the  fourth  nerve.  The  pupil  Avas  slightly  dilated  and  reacted  feebly 
to  the  light. 

Heterochromia  iridum.  The  iris  sometimes  changes  color  as  the 
consequence  of  uveitis  and  other  intraocular  diseases,  e.  g.,  iritis, 
glaucoma,  etc.  In  the  case  where  the  natural  color  of  the  iris  is  brown, 
the  affected  iris  will  sometimes  turn  to  a blue-gray,  the  difference  in 
coloration  becoming  striking.  The  pupil  in  such  cases  may  remain 
black,  but  sometimes  in  the  changing  eye  it  turns  gray.  This  gra}'^- 
ness  of  the  pupil  is  usually  due  to  a cataract  formation,  for  cataract 
is  not  an  unusual  sequel  to  chronic  uveitis.  In  other  cases  punctate 
deposits  on  the  inner  surface  of  the  cornea  cause  a dull  or  lusterless 
appearance  of  the  pupil. 

Williams,  of  Philadelphia  (Ophth.  Record,  July  1913,  Vol,  XXII, 
No.  7),  reports  a case  of  acquired  heterochromia  and  gives  interesting 
data  showing  the  observation  of  others  in  this  connection.  The  pres- 
ent writer  has  seen  it  many  times.  Verv''  often  the  affected  eye  pre- 
sents only  a slight  change  of  color  and  in  some  of  these  no  evidence 
of  punctate  keratitis  or  cataract  can  be  observed. 

Heterochromia  iridum  is  frequently  a congenital  or  physiological 
peculiarity  and  in  these  cases  the  pupils  appear  quite  normal  to  every 
test. 

Hippiis,  Classification  of.  Breuil  {VOphtal.  Province,  Vol.  HI, 
p.  186,  and  Archiv.  d’Ophtal.,  Feb.,  1906)  gives  the  following  classi- 
fication of  hippus:  (1)  Hippus  from  hyperexcitability  of  the  nervous 
centers  and  “reflex  hippus”  as  from  otitis  (case  illustrating  the  lat- 
ter is  given).  (2)  Hippus  in  connection  with  the  respiratory  act 
and  also  with  circulatory  disturbances  in  which  there  is  mechanical 
irritation  of  the  sympathetic.  (3)  Hippus  in  paralysis  which  is  un- 
dergoing a cure.  (4)  Rhythmic  hippus  as  seen  in  occasional  cases  of 
hysteria,  etc.  (See  General  cooisiderations  at  the  beginning  of  this 
section.) 

Holocwin,  The  valm  of  the  negative  action  of.  Holocain  in  one  per 
cent,  solution  occupies  a unique  and  valuable  position  in  ophthalmic 
practice  because  of  (a)  its  deep  anesthetic  properties  on  the  cornea 
and  iris  when  dropped  in  the  eye  and  (b)  because  it  has  no  effect  on 
the  pupil. 

The  positive  effect  of  mydriatics  oii  intraocular  tension  is  referred 
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to  iu  this  article  elsewhere  and  there  are  instances  such  as  when  desir- 
ing to  take  the  tension  with  the  tonometer  that  it  is  necessary  to  se- 
cure profound  anesthesia  with  no  dilatation  of  the  pupil.  Holocain 
is  our  only  anesthetic  that  will  accomplish  this. 

Since  the  dilatation  of  the  pupil  is  always  annoying  to  the  patient 
holocain  is  of  much  value  as  an  anesthetic  in  the  treatment  of  con- 
junctivitis to  counteract  the  pain  produced  by  metallic  astringents 
and  because  of  the  fact  that  the  pupil  and  accommodation  are  unaf- 
fected by  its  use.  Its  anesthetic  power  is  quite  equal  to  that  of  co- 
cain  and  its  action  is  as  lasting.  It  is  slightly  more  irritating  but 
this  effect  is  very  brief  and  is  easily  borne  by  the  patient.  It  is  dis- 
tinctly antiseptic,  a property  cocain  does  not  possess. 

Homatropine  dilatation.  Duane  {Arch,  of  Ophthal.,  Vol.  XXXVIII, 
No.  5,  p.  512)  reports  results  of  experiments  in  over  five  hundred 
refraction  cases  where  homatropin  was  used.  JWith  the  delicate  test 
described  by  Uhthoff,  he  found  that  after  the  instillation  of  the  drug 
it  took  about  twenty-five  minutes  for  the  light  reaction  to  be  com- 
pletely abolished.  In  some  cases,  however,  it  disappeared  in  less  than 
twenty  minutes  and  in  others  it  persisted  for  from  forty  minutes  to 
an  hour.  The  duration  of  complete  immobility  lasted  longer  in  young 
subjects,  while  in  those  older  it  was  relatively  shorter  as  the  age  in- 
creased. 

The  pupil  begins  to  dilate  under  the  influence  of  homatropin  in 
from  twelve  to  fifteen  minutes  and  then  dilates  quite  rapidly.  The  ad- 
dition of  cocain  to  the  homatropin  solution  enhances  the  rapidity 
and  extent  of  dilatation  of  the  pupil  but  not  the  amount  of  cycloplegia. 
The  combined  solution  seemed  to  have  a sharper  and  more  evanes- 
cent action  on  the  left  pupil  than  on  the  right.  There  is  no  constant 
relation  between  the  mydriatic  and  the  cycloplegic  action  of  the  drug. 
The  pupil  may  dilate  ad.  maximum  and  the  accommodation  may  still 
be  active  to  a certain  extent. 

Homatropine,  Persistent  mydriasis  aft&t'  the  use  of.  Wilder 
{Ophthal.  Record,  August,  1901,  p.  438)  reports  the  case  of  an  iron- 
moulder  of  twenty-seven  who  had  sustained  an  injury  to  his  head. 
A clot  of  blood  was  removed  from  beneath  the  parietal  bone.  This 
operation  cured  him  completely  of  headaches.  Then  homatropin  was 
instilled  for  the  purpose  of  determining  the  status  of  his  refraction, 
which  was  found  to  be  nearly  normal.  Ten  months  after  he  returned 
stating  his  right  pupil  never,  recovered  from  the  effect  of  the  drug, 
but  that  his  left  pupil  had  promptly  recovered  and  was  normal.  Ex- 
amination revealed  the  right  pupil  to  be  6 mm.  in  diameter  and  im- 
mobile to  light  and  convergence. 
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In  the  discussion  Pinckard  reported  that  he  had  observed  per- 
sistent mydriasis  after  homatropin  was  instilled  in  a girl’s  eyes.  The 
mydriasis  and  cyeloplegia  were  complete  after  ten  months.  He  as- 
scribed  the  condition  to  hysteria.  Casey  Wood  stated  he  had  found 
several  similar  cases  reported  irr  the  literature  and  that  it  was  pos- 
sible there  was  in  these  eases  an  organic  poison  from  the  drug  elabo- 
rated in  the  system. 

Horner’s  syndrome.  Sicard  arrd  Galezowski  {Rec.  d’Oph.,  XXXII, 
p.  225)  saw  six  examples  of  Horner’s  syndrome  (miosis,  ptosis,  enoph- 
thalmos,  etc.)  among  a large  number  of  eases  where  the  Gasserian 
ganglion  had  been  injected  with  alcohol  and  carbolized  glycerine  for 
the  relief  of  trifacial  neuralgia.  The  symptom  persisted  from  a year 
to  eighteen  rrronths. 

Dufour  {idem.,  XXXIII,  p,  90)  saw  the  same  symptom  due  to  the 
pressure  of  a goiter  on  the  right  sympathetic,  and  Sebileau  and 
Lemaitre  {ibid.,  p.  43)  have  several  times  observed  the  coexistence 
of  Horner’s  with  Jackson’s  syndrome  (hemiplegia  of  the  vocal  cord, 
palate,  tongue,  sterno-mastoid  and  trapezius  muscles). 

When  Horner’s  syndrome  was  present  the  pupil  of  the  affected 
eye  would  promptly  dilate  when  1-1000  solution  adrenalin  was  in- 
stilled, but  the  unaffected  fellow  eye  would  not  be  influenced  one 
way  or  the  other  with  the  solution.  This  reaction,  which  is  also  men- 
tioned in  discussing  glycosuria  (see  elsewhere  in  this  section)  is  spe- 
cific for  miosis  from  paralysis  of  the  sympathetic.  See  (ianglionec- 
tomy,  also  Mydnatks-combined  in  this  section.) 

Hiitchiii.son’s  pupil.  Monocular  dilatation  of  the  pupil. 

Ilyahne  degeneration  of  the  pupil  margin.  Axenfeld  {Bericht 
der.  Ophthalm.  Gesell.,  Vol.  XXXVII,  1912)  observed  that  the  pu- 
pils often  dilate  imperfectly  even  where  there  has  been  no  previous 
disease  of  the  iris.  He  was  lead  to  study  why  it  was  that  in  some 
eyes  the  action  of  the  m^Mriatic  was  to  produce  widely  dilated  pu- 
pils, while  the  same  in  other  eyes  produced  only  slight  dilatation. 
Among  the  latter,  he  found  more  examples  among  elderly  people.  He 
explains  some  of  these  cases,  at  least,  by  the  presence  of  hyaline 
degeneration  of  the  pupillary  margin  of  the  iris. 

Fuchs,  Meller  and  Seef elder  have  also  noticed  the  same  condition. 
There  is  in  these  eases  a more  or  less  sharply  defined  opalescent  or 
gra,yish-white  ring  in  the  substance  of  the  tissue  at  the  pupil  margin. 
This  ring  is  often  not  complete.  It  is  detected  quite  frequently 
among  the  senile  cataract  cases.  Attention  is  called  to  the  faet  that 
pigment  atrophy  or  depigmentation  of  the  posterior  surface  of  the 
iris  produces  an  appearance  very  similar  to  hyaline  degeneration. 
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Leber  iu  discussing  this  subject,  said  that  in  many  of  these  eases  the 
i-igidity  of  the  pupil  was  not  due  to  atrophy  of  the  musculature  but 
to  a thin  layer  of  adventitious  connective  tissue  which  covered  the 
iris  and  which  by  its  inherent  contraction  caused  eversion  of  tlie 
uveal  layer  at  the  margiu  of  the  pupil  and  ectropion  of  the  sphincter 
pupillm,  but  Axcnfeld  in  reply  stated  that  the  appearance  noticed 
by  Leber  was  only  present  in  eyes  which  were  essentially  pathological. 

Lauber,  at  a meeting  of  the  Ophthalmological  Society  of  Vienna, 
1910,  reported  the  case  of  a man  aged  72  having  cataract  in  which 
the  pupillary  margin  appeared  gray.  No  retinal  pigment  could  be 
demonstrated  with  a magnifying  lens.  Moreover  trans-illumination 
demonstrated  that  the  pupil  seemed  much  larger  than  it  really  was 
because  the  pupillary  margin  was  free  from  pigment  thus  permitting 
the  passage  of  light.  There  was  rigidity  of  the  iris  noted.  Mydriatics 
did  not  dilate  the  pupil.  Everything  seemed  to  indicate  that  there 
was  hyaline  degeneration  as  described  by  Fuchs. 

Hypophysis,  Tumor  of  the.  Shoemaker  (Knapp’s  Archiv.,  March, 
1910,  XXXIX,  No.  2,  p.  132)  reports  a case  of  hypophyseal  tumor 
which  was  diagnosed  in  vivo  and  corroborated  post  mortem  in  which 
during  the  course  of  the  disease  there  was  complete  loss  of  the  tem- 
ple fields  of  vision  in  both  eyes.  The  pupils  in  this  case  were  equal 
in  size  (3  mm.)  and  normal  in  reaction  to  light,  convergence  and  ac- 
commodation. In  the  cases  which  the  present  writer  has  seen  the 
pupils  behaved  differently  so  that  there  were  no  uniform  pupil  find- 
ings. Unequal  pupils  were  the  rule,  the  more  affected  eye  presenting 
the  larger  pupil.  There  was  sluggish  response  present  till  blindness 
set  in,  and  in  one  case  the  pupil  responded  slightly  to  light  when 
blindness  was  total. 

Hysterical  seizicres.  The  pupils  during  hysterical  seizures  usually 
react  to  the  light  perfectly.  The  present  writer  recalls  a case  where 
a patient  assumed  an  epileptic  seizure  in  which  he  was  able  to  diag- 
nose hysteria  by  the  prompt  reaction  of  the  pupil  to  light.  In  epi- 
lepsy the  pupils  during  the  attack  are  widely  dilated. 

Redlich  (Deutsch.  Med.  Wochen.,  1908,  p,  313)  noticed  hysterical 
pupillary  paralysis.  The  subject,  a woman  of  thirty-nine,  exhibited 
dilated  and  immobile  pupils  when  making  violent  muscular  efforts 
or  crying  out  in  the  hysterical  attacks.  The  dilatation  and  fixity  of 
the  pupils  were  similar  to  that  seen  in  epilepsy.  But  if  the  patient 
employed  convergence  the  pupils  during  the  attack  would  invariably 
contract.  From  this  he  deducts  that  the  dilatation  in  hysterical 
storms  is  due  to  stimulation  of  the  sympathetic. 

Carline  {La  Clin.  Oculistica,  September,  1905)  observed  transitory 
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dilatation  of  the  pupil  in  a case  of  hysteria.  The  pupil  would  dilate 
ad  maximum  and  would  remain  so  for  a few  hours  or  sometimes  for 
four  or  five  days.  The  dilatation  of  the  pupil  was  observed  in  one 
.eye  only,  the  other  being  normal.  He  concludes  that  the  dilatation 
was  due  to  stimulation  of  the  sympathetic  of  the  affected  side 

G.  E.  deSehweinitz  {Oplithal  Bee.,  Nov.,  1905,  p.  554)  states  that 
at  one  time  neurologists  maintained  that  the  differential  diagnosis 
between  epileptic  and  hysteric  seizures  could  be  made  by  observing 
the  pupils,  which  in  the  case  of  epilepsy  would  be  widely  dilated  and 
fixed,  while  during  hysterical  fits  they  would  respond  to  light.  The 
investigation  of  Karplus,  however,  shows  that  pupil  immobility  may 
occur  during  hysterical  attacks  and  that  it  is  a frequent  phenomenon 
in  paroxysmal  hysteria  depending  in  all  likelihood  upon  a cortical 
oripn,  and  that  therefore  the  pupil  signs  alone  are  not  sufficient  to 
make  a differential  diagnosis  between  the  two  states. 

Hysterical  blindness.  The  pupils  in  this  affection  afford  valuable 
information  although  there  is  no  absolutely  uniform  behavior  pres- 
ent They  may  be  contracted  or  dilated,  usually  they  are  normal 
and  react  to  light,  thus  affording  in  many  cases  a positive  clue  to  the 
real  nature  of  the  affection.  deSchweinitz  states  (Posey  and  Spiller 
p.  615)  that  complete  blindness  in  the  absence  of  ophthalmoscopic 
signs  of  optic  nerve  disease,  associated  with  normal  pupil  reaction 
o ight,  would  strongly  suggest,  if  not  prove,  the  presence  of  hysteri- 
cal taint,  but  because  in  rare  instances  the  pupils  fail  to  react  to  light 
the  absence  of  pupil  reflex  does  not  necessarily  exclude  hysteria. 

In  some  forms  of  retrobulbar  optic  neuritis,  or  strangulation  of 
both  optic  nerves  from  pressure  on  the  nasal  side  of  the  optic  fora- 
mina.  m acute  posterior  ethmoid  or  sphenoid  disease  the  patient  may 
be  blind  and  present  at  first  no  ophthalmoscopic  evidence  to  prove 
indness,  but  the  pupils  will  be  dilated  and  fixed.  This  finding- 
would  tend  to  rule  out  hysteria  which  may  otherwise  be  suspected^ 
In  case  monocular  blindness  is  present  from  acute  posterior  ethmoi- 

a empyema  the  pupil  is  not  dilated  because  of  the  consensual  influ- 
ence from  the  normal  fellow  eye. 

The  dilatation  and  fixity  of  the  pupils  in  hysteria  may,  by  clan- 
destine observation,  often  be  discovered  to  be  due  to  intentional  us“ 
of  some  mydriatic  drug  like  atropin  drops.  In  a case  the  writer  once 
saw  the  monocular  dilatation  of  the  pupil  was  discovered  to  be  due 
to  the  patient  (a  trained  nurse)  sticking  pins  in  the  superior  cervical 
ganglion.  (See  Mydram  in  “General  considerations,”  this  section  ) 
Holden  (Arch,  of  Ophth.,  July,  1914,  Vol.  XLIII,  No.  4)  saw  two 
eases  of  genuine  hysteria  in  which  total  blindness  was  assumed  and 
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wliere  the  diagnosis  was  determined  from  the  normal  appearance  of 
the  fundus  oculi  and  other  features.  The  pupils  were  round,  equal 
and  slightlj'  sluggish  in  reaction.  After  recovery  the  pupils  re- 
sponded promptly  and  fully. 

Hysterical  pupil  phenomena.  deSchweinitz  (Posey  and  Spiller, 
p.  646)  states  that  although  pupillary  anomalies  are  rarely  found  as 
permanent  manifestations  in  ocular  hysteria  the  following  pupil  con- 
ditions have  been  reported:  (1)  Contraction  of  the  pupil,  i.  e.,  either 
spasmodic  or  paralytic.  (2)  Dilatation  of  the  pupil,  i.  e.,  either  spas- 
modic or  paralytic.  Two  general  classes  of  cases  are  observed  (a) 
dilated  pupils  which  respond  to  light  even  when  blindness  is  claimed 
and  (b)  dilated  pupils  which  do  not  respond  to  light.  (3)  Inter- 
change of  mydriasis  and  miosis.  (4)  Unilateral  mydriasis  in  one 
class  of  cases  associated  with  paralysis  of  accommodation,  in  another 
class  with  retained  accommodation.  (5)  Mydriasis  with  sluggish 
reaction  to  light  and  paralysis  of  accommodation.  (6)  Paradoxical 
pupil  reaction. 

These  variant  pupillary  phenomena  are,  in  true  hysteria,  to  be 
attributed  to  spasm  of  the  sphincter  in  cases  of  miosis  and  through 
psychic,  cortical  or  sympathetic  influence  in  the  cases  of  mydriasis. 
The  question  of  true  paralytic  dilatation  of  the  pupil  in  a suspect 
can  be  cleared  up  by  the  use  of  eserin  drops  when  it  is  found  the 
pupil  under  their  influence  will  readily  contract,  whereas  if  the  pupil 
is  dilated  from  the  secret  use  of  a mydriatic  drug  no  such  contraction 
will  occur  when  the  eserin  drops  are  instilled. 

Hysterical  ptosis.  Wilbrand  {Arch,  of  Ophth.,  Nov.  1904,  p.  638) 
found  the  pupils  much  contracted  and  reacting  slowly  to  the  light 
in  a case  presenting  hysterical  ptosis. 

Immobility,  (reflex).  The  relation  between  lesions  of  the  cervical 
spinal  cord  and  reflex  immobility  of  the  pupil  which  has  been  com- 
monly accepted,  is  denied  by  Bumke  {Klin.  Monatshl.  f.  Angenheilk., 
Vol.  XLY,  p.  257).  He  argues  that  Bach’s  experiments  contradict 
the  dependence  of  light  rigidity  upon  changes  in  the  cervical  spinal 
cord  because  the  complete  severance  of  the  spinal  cord  from  the  after- 
brain did  not  influence  the  movements  of  the  pupils.  He  further 
states  that  there  is  no  proof  that  the  immobility  of  the  pupil  is  not 
caused  by  a disturbance  of  the  reflex  arc  between  the  primary  optic 
center  and  the  third  nerve  nucleus. 

Fhichs  (fWien.  hlin.  Wochensch.,  No.  14)  states  that  the  assump- 
tion that  reflex  immobility  of  the  pupils  is  characteristic  of  tabes 
and  that  absolute  immobility  is,  on  the  contrary,  diagnostic  of  cere- 
bral syphilis  is  not  strictly  correct,  because  in  each  disease  both  sorts 
of  pupillary  disturbances  are  met  with. 
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Indirect  or  consensual  light  reflex  test.  The  patient  stands  in  front 
of  a window  with  the  dajdi'ght  streaming  equally  in  both  eyes.  He 
is  instructed  to  direct  his  gaze  and  attention  at  an  object  located 
at  infinity  in  order  to  eliminate  the  influence  of  convergence  and 
accommodation  on  the  pupil.  The  observer  screens  both  eyes  with 
the  palms  of  his  hands  which  should  not  be  clammy  or  cold  (to  avoid 
the  sensory  reaction)  the  eye  under  observation  is  only  partly  cov- 
ered with  the  hand  so  that  the  observer  may  see  the  pupil  by  peep- 
ing under  it.  The  other  pupil  is  now  alternately  exposed  to  light 
and  darkness  while  the  observer  watches  the  pupil  which  is  kept  part- 
ly screened.  The  normal  effect  of  the  sudden  entrance  of  daylight 
in  the  unobserved  eye  is  to  produce  contraction  of  both  pupils  even 
when  the  observed  eye  is  still  shuttered. 

The  test  may  also  be  conducted  successfully  in  a darkened  room. 
Weeks  (Posey  and  Spiller,  p.  301)  states,  “The  indirect  reaction 
may  be  excited  by  reflecting  light  into  the  one  eye  by  means  of  a 
mirror  from  a source  of  light  behind  the  plane  of  the  patient’s  face.’’ 

Inequality  of  the  pupils,  Clinical  value  of.  Schaumann  {Finska 
Ldwaretallsk  Handl.,  March,  1903)  states  that  inequality  of  the  pu- 
pils is  much  more  frequent  with  persons  of  internal  disordei-s  than 
in  healthy  persons,  the  percentage  being  18  to  46  in  the  former,  and 
1 to  10  in  the  latter.  He  examined  1,186  out-door  patients  and  727 
hospital  patients  with  reference  to  this  sign.  Of  the  former,  27.9 
per  cent,  had  inequality  of  the  pupils,  and  of  the  latter,  37.8  per 
cent.  He  therefore  concludes  that  simple  inequality  of  the  pupils 
is  a constitutional  peculiarity  to  the  class  with  the  somatic  stigmata 
of  degeneration,  and  that  it  has  little  diagnostic  importance.  Of  the 
total  number  of  his  patients  there  were  nine  who  did  not  show  good 
response  to  light  and  among  th&se  cases  organic  disease  was  found. 

Simple  inequality  of  the  pupils  with  retained  reaction  should  be 
regarded  as  a physiological  peculiarity  for  it  is  quite  common  among 
normal  people. 

Rebel’  {Ophthal.  Rec.,  December,  1911,  p.  750)  exajnined  one  hun- 
dred recruits  for  the  U.  S.  Army  as  regards  inequality  of  the  pupils 
in  normal  persons  and  decided  from  this  study  that  such  inequality 
is  very  small,  indeed  so  small  as  to  be  negligible. 

Inequality  of  the  pupils  and  inequality  of  refraction,  Relation  be- 
tween. Frenkel  {Annales  d'Ocultistique,  October,  1906,  reviewed 
by  Beard  of  Chicago,  Ophthal.  Rec..,  January,  1907,  p.  28)  being 
unwilling  to  accept  as  a fact  every  statement  that  is  made  by  his  col- 
leagues in  ophthalmology,  has  made  some  investigations  in  the  mat- 
ter of  anisocoria  in  anisometropia.  He  states  that  there  was  no  men- 
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tion  of  anisoeoria  in  anisometropia  more  than  fifty  years  ago.  He 
divides  into  two  camps  the  authors  who  liave  expressed  themselves  as 
to  the  question,  viz.,  those  who  affirm  such  a relation  and  those  who 
deny  it.  The  latter  ai'e  relatively  few;  on  the  other  hand,  the  belief 
in  a physiologic  anisoeoria  in  conjunction  with  and  dependent  upon 
anisometropia  he  finds  quite  prevalent.  The  larger  pupil,  it  is  usual- 
ly asserted,  pertains  to  the  side  that  has  the  greater  refraction  error. 

For  five  years  Frenkel  examined  his  refraction  cases  carefully 
for  differences  in  the  pupillary  diameters.  He  gives  in  three  tables 
the  results  of  his  clinical  observations.  The  first  table  shows  twenty- 
five  instances  of  inequality  of  refraction  without  inequality  of  the 
pupils ; the  second  shows  ten  inequality  of  the  pupils  without  unequal 
refraction  and  the  third  shows  ten  instances  of  unequal  pupils  and 
unequal  refraction.  All  cases  of  inequality  of  pupils  and  inequality 
of  refraction  in  which  there  were  other  reasons  for  the  anisoeoria 
were  omitted.  In  other  words,  only  the  so-called  physiologic  inequal- 
ity was  considered.  Frenkel  does  not  admit  that  a difference  in  the 
visual  acuity,  as  from  corneal  opacities,  cuts  any  figure  in  pupillary 
inequality.  In  summing  up,  then,  Frenkel  found  in  about  5,000  cases 
only  ten  in  which  anisoeoria  and  anisometropia  were  associated  (0.2 
per  cent) . Of  these  ten  cases,  six  of  them  had  the  larger  pupil  on  the 
side  of  the  greater  ametropia  and  four  on  that  of  the  lesser.  The 
larger  pupil  corresponded  to  the  higher  refraction  (i.  e.,  more  myopic 
or  less  hyperopic)  in  five  cases.  His  conclusions  are  that  nothing 
justifies  the  assertion  that  certain  cases  of  pupillary  inequality  de- 
pend upon  an  inequality  of  the  refraction.  Nor  that  the  larger  pupil 
corresponds  more  often  to  the  side  of  the  greater  ametropia,  nor 
that  it  corresponds,  with  any  greater  frequency,  to  the  side  of  greater 
refraction.  And,  finally,  that  there  is  no  scientific  reason  for  admit- 
ting any  sort  of  relation  between  anisoeoria  and  anisometropia.  (See 
A nisoeoria,  this  section,  also  Nasal  infl'iience.) 

Infants’  pupils.  Bartels  (Zeit.  f.  Augenli.,  XII  6,  p.  638)  found 
the  average  diameter  of  the  pupil  in  infants,  after  adaptation  to 
light,  to  be  between  2.5  and  3.25  mm.  During  sleep  the  pupils  of  in- 
fants are  markedly  contracted  (1.5  mm.).  There  was  no  difference 
noted  in  the  sexes.  The  normal  dilatation  of  the  pupils  in  infants 
never  exceeded  5 mm.  but  atropin  drops  caused  a prompt  dilatation 
of  5.5  mm.  (See  also  Newly  horn,  Pupils  in.) 

Inhibitory  fibers  connecting  the  centers  of  pupillary  dilatation  and 
contraction.  Weeks  (Posey  and  Spiller,  p.  297)  states  that  the  fibers 
which  innervate  the  dilator  pupillae  have  their  origin  in  the  ciliospinal 
center  of  the  spinal  cord,  situated  in  the  anterior  cornua  in  the  lower 
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part  of  the  cervical  and  upper  part  of  the  dorsal  cord.  According 
to  Bach,  this  center  is  connected  with  the  sphincter  nucleus  of  the 
third  nerve. 

Bach  also  states  there  is  a center  located  in  the  medulla  which  is 
inhibitory  to  both  the  ciliospinal  center  and  the  sphincter  nucleus. 
This  was  corroborated  by  Euge,  who  found  that  after  complete  di- 
vision of  the  medulla  oblongata  in  rabbits,  perceptible  pupillary 
reaction  could  be  obtained.  Parsons  {Jour.  Physiol.,  XXVI,  p.  366) 
proved  that  if  the  sympathetic  be  divided  dilatation  of  the  pupil  can 
be  obtained  by  stimulation  of  the  brain  cortex.  These  tests  seem  to 
prove  there  is  an  inhibitory  influence  in  the  brain  on  the  sphincter 
nucleus  which  permits  dilation  of  the  pupil  independent  of  the  ac- 
tion of  the  sympathetic.  (See  Bach  and  Meyers  hypothetical  pupillarj- 
centers.) 

Innervation  of  the  p^ipil.  Parsons  {Royal  Lon.  Ophthal.  Hosp. 
Rep.,  Vol.  XVI,  p.  1)  experimenting  on  cats,  dogs  and  monkeys, 
found  that  there  was  distinct  dilatation  of  the  pupils  on  stimulating 
the  cerebral  cortex  after  section  of  the  cervical  sympathetic  nerve, 
but  after  dividing  the  oculomotor  nerve  intraeranially  and  stimulat- 
ing the  cortex,  this  dilatation  did  not  occur.  He  argues  from  this 
that  the  cortex  exerts  an  inhibitory  influence  on  the  third  nerve  and 
furthermore,  that  there  is  an  association  between  the  action  of  the 
third  nerve  and  the  cortex,  independent  of  the  cervical  sympathetic. 

Tschirkowsky  {N&urolog.  Westn.,  Vol.  XI,  No.  4)  demonstrated 
that  after  division  of  the  optic  nerve  the  pupil  further  dilated  only 
when  tactile  stimulus  was  applied.  If,  however,  the  cervical  sympa- 
thetic was  divided  or  the  ganglion  was  extirpated  the  pupil  no  longer 
dilated  to  sensory  stimulation. 

These  observations  of  Parsons  and  Tschirkowsky  studied  together 
seem  to  prove  that  dilatation  of  the  pupil  may  be  brought  about 
through  two  independent  pathways,  (1)  through  cortical  impulse 
acting  to  inhibit  the  contraction  of  the  sphincter  pupillse  along  the 
route  of  the  third  nerve,  and  (2)  through  the  well-known  action  of 
the  cervical  sympathetic. 

Dubois  and  Costelaine  (1907)  {Archiv.  d^ophtatm.,  XXVIII,  p, 
310)  conducted  experiments  similar  to  those  of  Parsons,  on  dogs, 
and  found  that  after  section  of  the  cervical  sympathetic  and  oculo- 
motorius  there  was  entire  absence  of  pupillary  dilatation  from  stimu- 
lation of  the  sensory  nerves  or  the  cerebral  cortex. 

Isolated  frohn  innervation.  Hesse  {KUn.  Monatshl.  f.  Augenh., 
Feb.,  1912)  described  a case  in  which,  owing  to  the  complete 
resection  of  the  optic  nerve,  including  the  ciliary  nerves  and  gan- 
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gliou,  all  the  pathways  of  innervation  to  the  iris  were  severed  dur- 
ing a Kroenlein  operation  performed  for  the  removal  of  a tumor- 
mass  that  occupied  the  orbit.  The  observations  on  the  pupil  were 
made  three  and  four  years  after  the  operation.  The  pupil  in  this 
eye  three  years  after  the  operation  was  contracted  to  a diameter  of 
two  mm.  and  did  not  dilate  in  darkness  or  further  contract  in  the 
light,  either  directly  or  consensually,  but  it  did  dilate  with  atropin 
and  it  further  contracted  with  eserin.  This  is  interesting  as  going 
to  prove  the  existence  of  intra-ocular  ganglionic  structures  from 
which  final  neurons  arise,  for  Hesse  maintains  there  was  no  connec- 
tion left  between  the  iris  and  any  of  the  pathways  of,  nerves  supply- 
ing it.  Six  months  later  the  pupil  in  this  eye  was  found  to  be  di- 
lated to  6 mm.  in  diameter  and  was  oval  horizontally.  At  this  time 
the  iris  stroma  was  seen  to  be  atrophic.  From  this  case  Hesse  argues 
that  miosis  is  the  true  position  of  rest.  The  dilatation  noticed  later 
was  the  result  of  atrophy  of  the  iris  musclature. 

Ballantyne  {Ophthalmoscope,  Aug.,  1915,  p.  406)  discussing  the 
case  argues  that  the  iris  could  not  retain  its  muscular  tone  for  four 
years  after  complete  severance  of  all  the  nerves  leading  to  it  and 
states,  “One  must  assume  that  the  last  neuron  could  not  have  been 
divided.” 

The  case  is  unique  and  it  is  hoped  other  cases  of  like  nature  will 
be  found  and  carefully  analyzed  and  reported.  It  is  well  known 
that  normal  nerves  when  resected  will  in  the  course  of  rather  a short 
time  reunite  and  functionate.  In  evidence  of  this,  witness  the  re- 
• turn  of  sciatica  after  resection  of  the  great  sciatic  nerve.  The  writer 
once  removed  six  inches  of  the  supraorbital  nerve  for  the  relief  of 
supraorbital  neuralgia  and  the  nerve  trunk  grew  back  again  in  the 
course  of  a few  months.  It  is  quite  possible  that  the  cut  nerves  in 
Hesse’s  case  grew  again  and  that  innervation  from  their  sources 
were  to  a certain  extent  re-established. 

Pollock  and  Ingles  (British  Med.  Jour.,  Nov.,  1913)  experiment- 
ing on  albino  rabbits  found  that  denervation  of  the  iris  by  removing 
the  ciliary  and  cervical  sympathetic  ganglion  did  not  completely  de- 
stroy pupillary  reactions.  They  concluded  that  a motor  plexus  with 
nerve  cells  exists  independently  in  the  sphincter  and  dilator  pupillae 
muscles.  The  plexus  persists  after  complete  separation  of  the  iris 
from  the  central  nervous  system.  (See  Mechanism  of  pupillary  move- 
ments.) 

Inspiration,  Mydriasis  synchro^iic  ivith.  Wiesener,  of  Berlin,  re- 
ported the  case  of  a woman  of  60  who  had  paralysis  agitans  and  also 
paralysis  of  the  cervical  sympathetic  as  expressed  in  ptosis,  enoph- 
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thalmos  hyperidrosis  and  miosis.  The  pnpils  were  elliptical  (eat- 
like)  and  every  time  she  inhaled  deeply  they  would  dilate.  DeRoeli 
of  Geneva,  had  observed  a similar  case.  Wiesener  has  observed  slight 
dilatation  of  the  pupils  in  normal  individuals  on  taking  deep  and 

pro  onged  inspiratioii  and  states  he  has  demonstrated  this  with  his 
own  pupils. 

Insanity.  Dc  Monteel  has  noticed  a difference  as  to  the  presence 
of  abnormal  pupils  among  the  acutely  insane  and  the  old  hopeless’ 
cases  In  the  former,  among  twenty  oases,  the  pupils  were  normal 

m 50  per  cent.  In  the  latter,  among  fifty-seven  cases  the  pupils 
were  normal  m only  5.2  per  cent. 

Regarding  the  percentages  of  abnormalities  of  various  kinds,  among 
the  chronically  insane,  as  studied  by  De  Montzel,  the  following  table 
taken  from  Posey  and  Spiller  {Ths  Eye  mid  Nervous  System,  p.  510) 
Will  show  the  variations : ’ 

Inequality,  45.6  per  cent.;  miosis,  17.5  per  cent.;  mydriasis  21 
per  cent. ; deformities,  43.8  per  cent. ; abnormal  light  reflex,  56.1 
per  cent.;  abnormal  accommodation  reflex,  35  per  cent.;  bilateral 
K eiitical  alteration,  26.3  per  cent. ; Argyll-Robertson  pupil,  33.3  per 

cent.;  inverse  .sign,  10.5  per  cent.;  paradoxical  reaction,  1.7  per  cent  • 
hippus,  3.5  per  cent.  ‘ ’ 

Froin  the  above  table  we  note  that  there  are  no 'diagnostic  pupil- 
lary abnormalities  peculiar  to  any  form/  of  mental  derangement, 
there  is  a wide  range  of  misbehaviors  on  the  part  of  the  pupils  in 
insanities  and  the  same  case  may  present  variations  in  the  progress 
of  the  disease.  During  the  maniacal  storm  the  pupils  are  often  di- 
ated ; this  may  be  explained  by  the  effect  of  cortical  excitability  on 
the  sympathetic  nerves  supplying  the  dilator  pupill®,  but  often  the 
pupils  are  found  to  be  contracted,  especially  in  tabes  with  psychoses 
and  in  paresis  and  cerebral  syphilis.  The  findings  of  Mignot'in  one 
hundred  and  forty-four  insane  subjects  may  be  taken  as  a propor- 
tionate index  (paresis  excluded).  He  found  inequality  in  39  per 
cent;  disturbed  light  reflex  in  43  per  cent.;  disturbed  accommodation 
in  69  per  cent.,  deformities  of  the  pupil  in  35  per  cent.,  miosis  in  17 
per  cent,  and  mydriasis  in  35  per  cent. 

Wilbrand  klin.  Bund.,  1906)  found  the  pupils  in  progres- 

sive paralysis  of  the  insane  characterized  at  times  by  marked  variabil- 
ity from  day  to  day  or  hour  to  hour,  while  again  there  would  be  uni- 
form behavior  for  local  periods.  He  does  not  offer  an  explanation 
tor  this  bizarre  behavior  of  the  pupil. 

Baatz  was  unable  to  find  any  characteristic  pupil  phenomenon 
among  the  insane  excepting  in  dementia  paralytica.  Among  these 
cases  he  usually  found  dilated  pupils. 
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frideremia,  Essential.  deScliweiiiitz  {Trans.  Am.  Ophthal.  Soc., 
1935)  reports  the  case  of  a woman  aged  twenty-three  whose  left  iris 
changed  color  and  gradually  resorbed  so  that  after  three  years  there 
was  no  vestige  of  iiorinal  iris  tissue.  The  fellow  eye  remained  nor- 
mal. The  affected  eye  was  normal  in  every  other  respect.  (For  full 
report  of  this  case  see  Vol.  TX,  pp.  6629-6631,  this  Emycloped/ia. 
Also  for  essential  atrophy  of  the  iris  see  Casey  A.  Wood’s  case  under 
Atrophy  of  the  iris  in  this  section.) 

Iridodones^is,  The  pupils  in.  While  there  is  a treraulousness  of  the 
iris  present,  the  pupil  itself  does  not  change  its  size  during  the  tremu- 
lous act.  The  plane  of  the  pupil  may,  however,  be  tilted  because  of 
the  lack  of  support  of  the  iris  incident  to  the  dislocation  of 
the  lens  present.  The  pupil  is  often  though  not  always  somewhat  di- 
lated and  reacts  less  than  normally  to  light  stimulus. 

Iridodialysis.  The  pupil  is  usually  slightly  flattened  on  the  side 
where  the  iris  is  torn  from  its  attachment.  The  pupil  responds  to 
the  light  in  cases  where  the  sphincter  pupillaj  is  not  paralyzed.  The 
red  reflex  can  be  seen  through  the  dialyzed  part  and  if  a card  be  held 
in  front  of  the  central  pupil  the  patient  can  flx  through  the  artiflcial 
opening.  It  is  usually  impossible  to  secure  a reattachment  of  the 
iris  Avhen  it  is  torn  loose  at  the  periphery  although  cases  of  spon- 
taneous as  well  as  surgical  reattachment  have  been  reported.  Moles- 
worth  reported  the  case  of  a man  struck  on  the  right  eye  with  a piece 
of  wood.  There  resulted  a cleft  in  the  root  of  the  iris  on  the  temple 
side.  The  function  of  this  section  of  the  iris  recovered  after  atropin 
and  bandage  for  ten  days  and  healing  took  place  without  any  cleft 
being  visible  afterwards.  This  case  sets  to  naught  most  of  the  recent 
declarations  made  by  Henderson,  Fuchs  and  others  that  the  cut 
or  torn  normal  iris  never  heals  with  a scar.  Molesworth’s  case  would 
seem  to  argue  that  the  dilatation  of  the  pupil  with  atropin  had  per- 
mitted the  torn  ends  of  the  iris  flbers  to  approximate  and  heal.  If 
this  is  true  the  case  is  unique. 

Tridoplegia,  Hysterical.  Frank  {Arch,  of  Oph.,  May,  1904,  Vol. 
XXXIII,  No.  4)  described  the  ease  of  a woman  of  32,  who  presented 
unequal  pupils,  the  left  measuring  5 mm.,  the  right  3 mm.  and  ho 
stated  that  the  left  pupil  dilated  when  the  patient  became  nervous 
and  excited  and  that  this  dilatation  wms  accompanied  b.y  dimness  of 
vision.  The  right  pupil  responded  normally  to  light,  the  left  did 
not  respond.  Hysteria  was  diagnosed  because  of  the  typical  fields 
of  vision  and  the  absence  of  organic  disease,  as  was  proven  by  the 
after  course  of  the  case.  (See  Hysteria  in  this  section.) 

Iritis,  The  size  of  the  pupil  in.  Herbert  {Ophthalmoscope,  Sept., 
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1904)  states  that  his-  experience  in  India,  regarding  the  size  of  the 
pupil  in  iritis,  is  at  variance  with  the  usual  text-book  descriptions. 
Grouping  together  primary  iritis  and  iridocyclitis  and  secondary 
involvements  from  severe  corneal  affections,  quite  half  the  cases  in 
Bombay,  presumably  untreated  by  mydriatics,  show  a slight  enlarge- 
ment of  the  pupil,  as  compared  with  that  of  the  unaffected  fellow 
eye,  on  distant  Ration  in  ordinary  daylight.  In  mild  and  especially 
early  inflammation,  likewise  in  the  hyperemia  which  accompanies 
slight  conical  lesions,  the  pupil  is  usually  contracted;  and  this  con- 
traction is  at  first  largely  the  result  of  spasm  of  the  sphincter.  The 
small  size  may  persist  in  later  stages  with  a high  grade  of  inflamma- 
tion, owing  to  the  anchoring  of  the  pupil  by  posterior  synechias,  and 
a pin-point  contraction  may  finally  result  from  a shrinkage  of  the 
pupillary  membrane.  Chiefly  in  severe  attacks,  but  also  in  some 
quite  mild  inflammations,  especially  such  as  have  lasted  for  a few 
weeks,  paresis  of  the  sphincter  may  be  responsible  for  a slight  en- 
largement of  the  pupil.  Plus  tension,  where  present,  must  tend  also 
to  dilate  the  pupil,  but  the  enlargement  still  remains  only  very  slight. 
Congestion  and  infiltration  of  the  iris  insure  this.  An  earlier  con- 
tracted state  of  the  pupil  is  not  infrequently  outlined  in  these  cases 
by  a ring  of  pigment  deposited  on  the  lens-capsule.  That  the  dilata- 
tion of  the  pupil  is  not  an  effect  of  previous  mydriatic  treatment  may 
be  inferred— quite  apart  from  the  patient’s  statements— from  the 
uniformly  low  degree  of  the  alternation  in  size,  from  the  absence  of 
marked  irregularity  in  outline  of  the  pupil  and  often  from  the  prompt 
response  to  the  instillation  of  atropin  at  the  hospital.  In  India  the 
effects  of  severe  iritis  are  much  more  frequently  seen  than  in  Eng- 
land.^ This  is  largely  owing  to  the  cases  often  remaining  for  long 
practically  untreated,  or  to  the  e3'es  being  simply  irritated  by  native 
quack  treatment. 

That  the  pupil  is  contracted  in  iritis  is  a well  known  fact.  It  is  a 
rational  inference  that  the  congestion  of  the  iris  vessels  will  contract 
the  pupil  mechanically  if  for  no  other  reason,  but  occasionally  we 
meet  with  cases  of  plastic  irido-cyclitis  in  which  the  pupil  appears 
half  dilated. 

The  cause  of  the  dilatation  of  the  pupil  in  the  presence  of  engorged 
blood  vessels  of  the  iris  must  be  explained  by  the  influence  of  obtundity 
of  the  nerves  of  the  iris  from  raised  intra-ocular  tension  aided  by  the 
withdrawal  of  light  stimulus  to  the  retina  from  the  cloudy  media. 

Iritis,  Quiet.  Occasionally  we  meet  with  a case  of  iritis  in  which 
there  are  none  of  the  classical  symptoms  present.  The  main  symp- 
toms are  impaired  vision,  photophobia  and  lachrjunation.  The  pupil 
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may  become  adherent  to  the  lens  capsule  throughout.  . It  then  be- 
comes slightly  contracted  and  iris  bombe  may  occur.  A case  of  this 
nature  was  reported  by  Orendorlf  before  the  Colo.  Ophth.  Society, 
January  18,  1913.  The  patient,  a girl  18  years  of  age,  had  no  known 
constitutional  taint  other  than  muscular  rheumatism.  In  the  dis- 
cussion Coover  refers  to  the  likelihood  of  recurrent  attacks  and  ad- 
vises a broad  iridectomy. 

Aufmwasser  thought  the  nose  was  to  blame  for  the  condition. 

Jumping  mydriasis.  Miloslavich  {Wien.  Klin.  Bund.,  January  7, 
1911)  defines  jumping  mydriasis  to  be  a dilatation  of  one  pupil  at 
one  time  and  the  other  pupil  at  another  time.  This  jumping  of  the 
dilatation  from  one  pupil  to  the  other  may  occur  in  some  cases  within 
an  hour’s  time;  in  other  cases  a day’s  interval  of  time  may  elapse. 

The  literature  shows  that  jumping  difference  in  the  pupils  occurs  in 
tabes,  myelitis  and  in  other  organic  affections  of  the  central  nervous 
system.  It  has  also  been  observed  in  neurasthenia  and  hysteria.  (See 
Changing  pupil  in  this  section.) 

Jumping  pupil,  Monocular.  Bielschowsky  {Klin.  McmatsU.  f. 
Augenheilk.,  Vol.  XVI,  p.  308)  describes  a peculiar  form  of  jumping 
pupil.  The  patient,  a woman  of  20,  had  had  right  third  nerve  paral- 
ysis since  childhood.  In  this  eye  there  were  alternating  phases  of 
mydriasis  and  miosis  at  intervals  of  20  to  30  seconds.  The  miosis 
was  associated  with  a downwards  rotation  in  response  to  the  effort  of 
convergence.  The  other  eye  presented  no  pupil  abnormalities.  He 
explained  the  ease  by  assuming  that  the  third  nerve  palsy  was  not 
complete  and  that  excitation  of  the  nucleus  induced. by  efforts  of  con- 
vergence was  accompanied  by  an  overflow  of  stimulus  to  the  center 
for  pupillary  contraction.  (See  Cyclic  contraction  and  dilatation  in 
this  section.) 

Knies’  sign.  Knies’  sign  is,  “When  hemianopic  pupillary,  inaction 
exists  without  concomitant  hemianopic  visual  defect,”  and  it  indicates 
that  the  lesion  is  between  the  nucleus  of  the  third  nerve  and  the  optic 
tract  (Lewis:  Jour.  Ophth.  and  Oto-Lar.,  Feb.,  1908).  (See  also 
Hemianopic  pupillary  reaction  in  this  section.) 

Landnj’s  paralysis.  Acute  ascending  paralysis  first  described  by 
Landry  in  1859,  is  characterized  by  loss  of  function  of  the  lower  ex- 
Hemities  gradually  passing  upward  and  in  some  cases  ending  in  death 
in  a few  days.  Since  the  pathology  is  in  the  lower  part  of  the  spinal 
cord  at  first  and  does  not  affect  the  upper  part  of  the  cord  till  near 
the  terminal  phase,  the  pupils  do  not  show  any  symptoms.  Iri'egular 
and  contracted  pupils  have,  however,  been  noticed  shortly  before  death 
in  a few  cases. 
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Luminous  intensity,  Pupillary  movements  a^id.  Ovio  {Annal.  di 
ottoim.,  1905,  102)  demonstrated  a relation  between  the  diameter  of 
the  pupil  and  the  intensity  of  light.  From  the  classical  researches  of 
Lambert  he  deduces  the  law  that  the  increase  of  the  pupillary  surface 
is  inversely  proportionate  to  the  square  root  of  the  light  strength.  But 
he  agrees  that  the  pupillary  variations  are  not  uniform  with  uniform 
variations  of  the  light;  moreover,  that  there)  is  greater  reaction  when 
the  same  light  intensity  falls  directly  on  the  macular  region  as  com- 
pared with  the  reaction  when  the  light  falls  on  the  periphery.  The 
effect  of  convergence  is  to  overcome  the  dilatation  in  a dull  light  so 
that  the  tests  to  be  of  value  must  be  conducted  in  the  relaxed  eye. 

Nagel  {Berlin  Ophthal.  Society,  Trans.,  December  19.  1907),  ex- 
perimenting to  determine  the  adaptability  of  persons  with  large  pupils 
to  darkness,  found  that>they  are  at  first  at  an  advantage  but  later  at 
a disadvantage.  While  the  period  of  adaptation  in  them  is  somewhat 
diminished,  they  are  more  readily  dazzled  when  returning  to  the 
light  and  exhibit  the  signs  of  exaggerated  photophobia.  (See  Adapta- 
tion, also  Threshold  value  in  this  section.) 

Light  reflex  in  the  fetus.  Early  appearance  of  th-e.  Magi  tot  {An- 
nales  d*oculist,  CXL,  p.  161)  demonstrated  contraction  of  the  pupil 
to  light  in  a fetus  five  months  old.  This  indicates  the  early  develop- 
ment of  the  visual  cells,  the  pupillomotor  fibers  of  the  retina,  the 
oculomotor  nucleus  and  the  sphincter  pupilhe.  Since  the  optic  nerve 
fibers  have  no  medullary  sheathes  in  a five  months’  old  fetus,  Flech- 
sig’s  yiew  that  the  latter  are  necessary  to  the  conductivity  of  nerve 
fibers  is  incorrect. 

Light  reflex  tests.  As  explained  elsewhere  in  this  section  there  are 
two  light  reflex  pupil  tests  in  common  use:  (1)  The  direct  reaction,  as 
when  light  and  shadow  are  alternately  made  to  enter  the  eye  under 
observation.  (2)  The  indirect  or  consensual  reaction,  as  when  light 
and  shadow  are  alternately  made  to  enter  the  fellow  eye,  the  ob- 
served eye  being  in  subdued  unaltered  light. 

In  normal  persons  the  pupil  under  observation  in  these  tests  con- 
tracts and  performs  certain  movements  while  under  the  influence  of 
the  contraction  impulse  and  this,  the  normal  pupillary  contraction, 
is  taken  as  a guide  or  standard  of  comparison  in  estimating  abnormal 
pupillary  behavior. 

We  speak ‘therefore  of  the  “direct  reaction  of  the  pupils,”  and  the 
“consensual  reaction  of  the  pupils.”  Both  of  these  reflexes  are  due 
to  the  integrity  of  the  light  reflex  arc  which  we  should  understand 
to  be  anatomical  structures  designed  for  the  transference  of  a stimu- 
lus incited  by  light  entering  the  eye  and  comprising  the  so-called 
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pupillary  nerve-fibers  in  the  retina,  optie  nerve  and  optic  tract  as 
well  as  certain  pupillary  centers  iu  the  brain  (centripetal  fibers)  and 
return  fibers  beginning-  in  the  pupillary  centers  in  the  brain  and 
traversing  the  third  nerve  to  the  ciliary  ganglion  behind  the  eyeball 
thence  to  the  pnglia  of  the  choroid  and  finally  to  the  sphincter 
pupilhe  (centrifugal  fibers).  The  going  impulse  is  called  afferent  the 
return  impulse  efferent  and  the  “arc”  comprising  the  nerve  fibers, 
nerve  centers  and  the  ganglia  stations  combined,  is  known  as  the 
light  reflex  arc.”  (See  General  cons'} derations  introductory  to  this 
section,  also  Mechanisni  of  pnpillar]j  niove'nients.) 

Malmgcrmg  blindness.  The  contraction  of  the  pupils  to  light  does 
not  prove  that  the  patient  who  assumes  blindness  can  see,  although 
the  pathological  conditions  permitting  reaction  of  the  pupils  to  light 
in  genuine  blindness  are  extremely  rare. 

Swanzy  states  a lesion  of  the  visual  centers  in  the  cortex  would 
produce  absolute  blindness  and  yet  would  permit  pupillary  reaction 
to  light.  The  reliable  test  to  prove  assumed  blindness  is  that  of 
Piiestlej'^  Smith  and  Edw.  Jackson,  which  is  to  note  the  fusion  of  the 
visual  axes  after  removal  of  a six  degree  prism  held  base  out  before 
one  eye. 


Measurement  of  interpiipillar'y  distance.  Helmbold  {Zeit.  f.  Augen- 
liedh.,  X\  I,  p.  45)  describes  his  method  of  measuring  the  inter- 
pupillary distance,  which  consists  in  the  use  of  his  apparatus  com- 
posed of  two  mirrors  forming  a right  angle  mounted  on  a crossbar 
having  adjustable  rests  for  the  lower  orbital  margins  and  set  in  such 
a mauner  that  the  pupil  of  the  left  eye  is  observed  by  the  right  retina 
and  v}ce-ve}-sa.  Then  an  adjustable  rod  is  so  set  that  its  image  is 
seoi  to  bisect  both  pupils.  Double  the  distance  of  the  rod  from  the 
line  of  intersection  equals  the  exact  iuterpupillary  distance. 

Duane  (Knapp’s  Archiv.,  XLIV,  No.  5,  p.  484) 'employs  the  Ger- 
man method  of  estimating  the  p.  d.  as  follows:  The  patient’s  left  eye 
and  the  observer  s right  eye  are  each  covered.  The  patient  then 
directs  the  visual  axis  of  his  uncovered  eye  in  the  pupil  of  the  ob- 
server’s open  eye.  A millimeter  scale  is  held  in  front  of  the  patient’s 
uncovered  eye  in  this  position  .so  that  the  zero  mark  on  the  scale  is 
opposite  the  center  of  his  pupil.  Then  without  moving  the  scale  he 
diiect.s  the  patient  to  uncover  his  left  eye  and  close  his  right,  while 
he  himself  opens  his  own  right  eye  and  clo.ses  his  left.  The  patient 
is  now  directed  to  look  straight  into  the  observer’s  right  eye  and 
when  doing  so  the  observer  reads  the  scale  noting  the  mm.  mark  that 
eorrcsi)onds  to  the  center  of  the  patient’s  left  pupil.  ’Phis  gives  the 
exact  mm,  distance  between  the  pupils  when  the  patient’s  visual  axes 
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are  parallel.  It  at  the  same  time  indicates  the  distance  between  the 
centers  of  rotation. 

In  this  connection  Bausch  and  Lomb,  of  Rochester,  New  York,  have 
recently  put  on  the  market  a gauge  for  measuring  the  interpupillary 
distance,  as  indicated  in  the  accompanying  illustration. 

“This  is  a new  ophthalmic  instrument,  designed  to  further  the 
advance  of  modern  refraction  methods.  It  affords  a reliable,  con- 
venient, and  time-saving  device  for  measuring  the  exact  distance  be- 
tween the  pupils.  Its  peculiar  advantage  is  that  it  measures  the  dis- 
tance of  each  pupil  from  the  center  of  the  bridge  of  the  nose,  a most 
important  measurement  for  the  accurate  adjustment  of  a spectacle 
frame.” 

E.  E.  Maddox  {Ophthalmoscope,  June,  1907,  p.  312)  states  the 
method  most  generall}'  employed  for  taking  the  measurement  of  the 


Interpupillary  Distance  Gauge  of  Bausch  & Lomb. 


interocular  distance  by  means  of  a graduated  rule  is  not  entirely 
free  from  objection.  The  rule  has  to  rest  against  the  patient’s  face, 
either  directly  or  indirectly.  Moreover,  the  observer’s  eyes  must  be 
closed  in  turn.  During  the  interval  between  their  closure  and  the 
completion  of  the  two  measurements  some  lateral  motion  of  one  of 
the  two  heads  is  apt  to  take  place. 

Maddox  devised  his  modified  sextant  to  meet  the  requirements  and 
at  the  same  time  overcome  the  objections  met  with  by  use  of  the 
ordinary  millimeter  scale.  His  instrument  converts  the  angular  mo- 
tion of  the  sextant  into  rectilinear  motion,  enabling  the  instrument  to 
effect  its  measurements  irrespective  of  its  distance  from  the  two 
objects  the  separation  of  which  it  determines. 

The  sextant  thus  modified  he  calls  a “duant.  ” It  is  illustrated  in 
the  diagi’am.  The  distance  between  the  mirrors  is  regulated  by 
means  of  a screw. 

As  shown  in  the  figure,  two  narrow  strips  of  metal,  preferably  of 
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magiialium  or  aluminum,  are  lield  in  a horizontal  plane  by  one  hand 
so  that  one  readily  glides  over  the  other  lengthwise  and  in  close  con- 
tact. The  left  extremity  of  each  strip  is  tuiaied  upwards  90°  in 
elevation,  along  a line  which  is  45°  in  plan,  so  as  to  support  a mirror 
set  at  an  angle  of  45°  to  the  length  of  each  strip.  The  second  shows 
these  mirrors  in  plan.  They  are  parallel  to  and  facing  each  other, 
the  left  mirror  having  a greater  vertical  dimension  than  the  right. 

The  instrument  is  held  transversely  by  the  observer  between  him- 
.self  and  the  patient,  so  that  the  left  eye  of  the  latter  is  just  visible 


Maddox’s  “Duant”  for  Measuring  Interpupillary  Distance. 

The  arm  A is  higher  than  B.  The  mirrors  face  each  other.  A presents  the  back 
of  the  mirror  as  shown  in  the  cut,  and  B presents  the  face  of  the  mirror. 


Illustrating  the  reflection  paths  in  Maddox’s  "duant. ” 


over  the  top  of  the  right-hand  mirror.  The  lower  strip  of  metal  is 
then  slipped  by  the  thumb  screw  until  the  patient’s  right  eye  is  seen 
immediately  below  the  left,  after  double  reflection  from  the  mirrors. 
If  used  as  an  interaximeter,  the  patient  should  direct  his  attention  to 
some  bright  object,  such  as  the  illuminated  test  types  or  any  distant 
source  of  light,  above  the  observer’s  head,  while  the  instrument 
brings  one  corneal  reflection  under  the  other. 

One  precaution  is  essential  to  the  use  of  the  instrument:  it  should 
be  held  strictly  at  right  angles  to  the  observer’s  visual  line.  To 
secure  this,  each  mirror  is  furnished  with  a spot  or  line  iji  its  centre. 
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When  these  two  markings  appear  to  coincide,  the  instrument  is  held 
truly. 

Ihe  mirrors  should  not  be  allowed  to  lose  their  brightness  since 
(louhle  i-efiection  implies  a little  loss  of  light,  which  becomes  of  eon- 
sc(iuence  if  they  are  not  kept  clean. 

With  a good  instrument  the  interocular  distance  can  be  measured 
at  a considerable  distance  from  the  patient— indeed,  at  some  yards 
in  an  appropriate  light.  It  is  needless  to  add  that  the  position  of  the 
obseiwer  should  not  be  such  as  to  allow  window  light  or  luminous 
objects  to  be  reflected  into  his  own  eye  from  the  mirrors. 

Ihis  being  an  instrument  of  precision,  its  accuracy  should  be  tested 
before  purchase,  and  it  only  remains  to  describe  a simple  way  of 
doing  so.  Make  two  dots  on  a piece  of  paper,  about  2^/2  inchas  apart 


N.  Bishop  Harman 's  Ophthalmic  Calipers. 

and  measure  the  distance  between  them  with  the  instrument  as  close 
to  the  paper  as  possible.  Thereupon  make  a second  measurement  at 
some  distance  from  the  paper.  If  the  measurements  agree  with  each 

other  and  with  the  actual  distance  between  the  dots,  the  instrument 
is  accurate. 

Measurement  of  inter  pupillary  distance  hy  Harman’s  ophthalmic 
calipers.  Harmaai,  of  London  {Ophthalmoscope,  Oct.,  1911)  has  de- 
vised the  instrument  shown  in  accompanying  illustration  for  meas- 
uring the  ocular  base  line”  or  interpupillary  distance.  Briefly  the 
method  of  usage  is  as  follows : The  patient  faces  a distant  point  of 
light,  either  a window  or  lamp,  and  looks  at  it  with  both  eyes.  The 
surgeon  faces  the  patient  at  arm ’s  length  and  with  his  left  eye  sights 
the  wire  attached  to  the  left  arm  of  the  calipers  so  that  it  passes 
through  the  exact  center  of  the  reflection  of  the  light  as  seen  on  the 
cornea  of  the  patient  s right  eye.  The  left  arm  of  the  calipers  is  now 
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slid  along  the  graduated  bar  till  its  wire  as  lighted  with  the  surgeon’s 
right  eye  passes  through  the  exact  center  of  the  reflection  of  the 
light  as  seen  on  the  cornea  of  the  patient’s  left  eye.  It  is  manifest 
that  the  measurement  as  indicated  on  the  fine  scale  marked  on  the 
base  rod  is  the  exact  interpnpillary  measurement.  The  same  method 
of  testing  will  be  found  useful  to  determine  the  measurement  when 
the  patient  is  fixing  on  a near  point  as  when  the  light  is  placed  at  the 
near  point  and  the  patient  “fixes”  on  it. 

Mechanism  of  pupillary  movements.  Angelucci  {Rev.  gener. 
d'ophtal.,  1900,  Vol.  X,  p.  34)  endeavored  to  explain  the  mechanism  of 
pupillary  reaction  in  accordance  with  the  neuron  theory.  He  contends 
that  the  dilatation  and  contraction  of  the  pupil  comes  about  through 
dynamogenie  or  inhibitory  influence.  It  has  not  yet  been  proven  that 
there  is  an  inhibitory  influence.  It  has  not  yet  been  proven  that  there 
is  a neuron  connecting  the  cerebral  cortex  with  the  pupillary  centers, 
but  a primary  neuron  does  connect  this  center  with  the  ciliary  gan- 
glion. A\lien  the  oculo-motor  nerve  is  severed  there  is  descending  de- 
generation to  this  ganglion. 

Angelucci  states  a neuron  extends  from  the  ciliary  ganglion  to  the 
ganglion  cells  in  the  choroid,  and  from  there  a terminal  neuron  passes 
on  to  the  fibers  of  the  sphincter  and  ciliary  muscles.  Thus,  he  would 
construct  a chain  of  four  neurons,  one  link  from  the  cortex  to  the 
pupillary  center,  another  from  the  pupillary  center  to  the  ciliary  gan- 
glion, a third  from  the  ciliary  ganglion  to  the  ganglion  in  the  choroid, 
and  a fourth  or  terminal  link  from  the  ganglion  in  the  choroid  to  the 
sphincter  and  ciliary  muscles. 

Prom  this  argument  he  assumes  that  contraction  of  the  pupil  from 
light  stimulus  or  convergence  is  brought  about  by  transference  of  the 
stimulus  along  this  chain  from  link  to  link.  The  mydriasis,  due  to  irri- 
tating the  skin,  is  caused  by  inhibition  of  the  function  of  these  neu- 
rons. The  trigeminus  has  no  direct  influence  upon  pupillary  reaction 
and  stimulation  of  it  has  no  effect  if  the  oculomotor  and  cervical 
sympathetic  have  been  divided.  The  miosis  following  inflammation 
of  the  trigeminus  is  explained  as  resulting  from  the  simultaneous 
injury  of  the  pupil-dilating  sympathetic  fibers  running  in  this  nerve. 

He  observed  that  dilatation  of  the  pupil  can  be  brought  about  in  the 
dog,  cat  and  monkey  by  stimulation  of  a particular  center.  If  the 
cervical  sympathetic  is  stimulated,  there  is  dilatation  of  the  pupil 
beeau.se  it  acts  inhibitorily  upon  the  pupil  contracting  fibers ; whereas, 
if  the  cervical  sympathetic  is  destroyed  there  is  miosis  due  to  the  with- 
drawal of  nervous  energy  from  the  dilator  pupillse,  permitting  the 
sphincter  to  act  without  opposition.  This  last  observation  goes  to 
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nf  hlVn  ‘ “'i  '‘y  ''"'Oi'  of  tlie  tonicity 

both  tlie  spliinctei-  and  dilator  pnpilho,  for  it  either  is  abolished  the 

other^nnniediately  asserts  itself,  causing  contraction  or  dilatathn, 

Mneneh  (Arch.  f.  OpMh.,  XLIV.  ;j_  445) 

absence  of  elastic  tissue  in  the  vessels  of  the  iris;  their  tortuosity  beiL 
a passive  condition.  He  avers  that  the  iris  is  in  a state  of  static  0010! 
librilini  wlien  this  tortiiosit.v  of  the  ve.ssels  has  been  overcome,  sneh 

wei  after  disappearance  of  rigor  mortis  and  loss  of  tonus  of  the 
predominating  dilator  muscle.  During  mydriasis  the  tissue  of  the 
ins  IS  eompres.sed  by  the  dilator  fibers,  the  vessels  themselves  havin-  no 

ne“nt  at  th?'  »''e  Physiological  eetropiuin  of  pig. 

ineiit  at  the  pupillary  margin  is  due  to  an  aetive  eontraetion  of  tlie 

Dilatation  of  the  pupil  takes  place  more  slowly  than  contraction  on 

0“  fs!  t»e  reefed  blood  vessels  and  their 

contents.  (See  Innervation  of  the  pupil,  this  section.) 

I e anchoha.  In  acute  melancholia  no  abnonualities  of  the  pupils 
are  eharacteri.stic.  As  a rule  they  appear  normal.  In  chronic  senile 
me  anchoha  spastic  inyosis  has  been  observed  by  Minck  while  mydriasis 
pie.sen  ed  itself  in  the  terminal  phase.  Others  have  noted  mydriasis 
to  be  the  rule  during  the  course  of  the  disease.  Austin  observed  the 
right  pupil  more  dilated  than  the  left  but  the  records  do  not  show  anv 
uniform  or  characteristic  behavior  of  the  pupils  iu  melancholia. 

Miom  {Etwlogy).  J.  M.  Ball  presents  the  following  scheme  as  a 
»uide  to  explain  miosis.  Under  normal  conditions  the  pupil  contracts 
(1)  1.1  r^ponse  to  stimulation  of  the  retina  by  light,  and  (2)  during 
.ceommodation.  Under  almurmal  conditions  miosis  is  induced  (1) 
irritation  and  (2)  by  paralysis. 

I.  Miosis  from  irritation  (spastic  miosis)  is  caused  by:  (a)  Diffuse 
, 111  amraatory  conditions  of  the  brain  and  meninges,  causing  a direct 

stimulation  of  the  motor  oculi  nerve,  (b)  Tumors  near  the  anterior 
corpora  quadngemina  or  near  the  center  of  the  third  nerve  or  in  its 
bers  (see  lugidity,  in  this  section),  (c)  In  the  first  stage  of  apo- 
pexy,  m h3jteria  and  in  epilepsy.  (d)  In  hemorrhage  into  the 
pons  (e)  After  long  continued  work,  causing  spasm  of  the  eiliarv 
muscles  and  sphincter  of  the  iris,  (f)  Inflammatory  conditions  of 
the  anterior  portion  of  the  eye  (keratitis,  iritis,  cyclitis,  etc.)  and 
oreign  bodies  ni  the  cornea  and  conjunctiva,  (g)  After  the  use  of 
eserin,  piloearpm,  arecolin,  musearin,  nicotin  or  opium. 

II.  Paralytic  miosis  due  to  paralysis  of  the  sympathetic  nerve,  occurs 
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in  : (a)  Injuries,  apoplexy,  tumors  or  Inflammation  of  the  eej’vical  cord, 
(b)  i\IeditLstinal  tumors  and  carcinoma  of  tlie  esojAiagns  com])ressing‘ 
the  nerve,  (c)  Paralysis  of  the  sympathetic  nerve,  as  after  excision  of 
the  superioi*  cervical  ganglion,  or  traumatism  of  the  nerve  itself.  (See 
(Umtraction  in  this  section.) 

Mcthyl-afr&pin  (Bromide  of)  an  a mydriatic.  Darier  (La.  Clin. 
O phial.,  Nov.,  1002)  states  that  in  bromide  of  methyl-atropin  we  have 
a drug  that  may  transcend  homatropin  and  eiiphthalmin  as  a my- 
driatic. He  claims  the  drug  in  question  has  the  virtue  of  atropin  as  a 
mydriatic  and  does  not  possess  the  objectionahle  features.  In  repeated, 
instillations  it  has  the  same  mydriatic  and  cycloplegie  effect  as  atropin. 
With  the  employment  of  a one  per  cent,  solution  the  mydriasis  lasts 
scarcely  longer  than  twenty-four  hours  and  the  effect  on  the  accom- 
modation wears  off  in  a few  hours’  time.  In  weak  solutions  (one-half 
per  cent.)  combined  with  one  per  cent,  of  cocain,  mydriasis  alone  is 
produeed. 

Ludwig  {Wochensoh.  f.  Therapie  u.  Hygiene  des  Auges,  Oct.,  1902) 
experimented  with  the  same  drug  and  reported  favorably  on  its  use, 
stating  that  it  is  milder  and  more  evanescent  in  action  than  atropin. 
It  is  also  less  exciting  to  the  vagus.  (See  Mydriatics  in  this  section.) 

Microcoria — Congenital  miosis.  Microcoria  is  a term  used  to  desig- 
nate the  congenitally  small  pupil  in  contradistinction  to  the  so-called 
mios^is  which  is  a pathologic  state.  Microcoria,  like  congenital  eorec- 
topia,  is  a developmental  fault  wherein  the  pupil  is  manifestly  too 
small  as  compared  with  normal  standards.  The  condition  is  often 
found  associated  with  congenitally  small  cornea.  It  is  sometimes  the 
result  of  consanguinity  of  the  parents,  but  may  exist  where  no  such 
consanguinity  obtains.  In  such  eyes  we  may  expect  to  find  the  leiis 
also  undersized  or  cataractous,  and  other  signs  of  microphthalmia 
such  as  amblyopia  due  to  lack  of  differentiation  of  the  macula  lutea. 
These  pupils  will  not  respond  to  mydriatic  drugs  to  the  usual  extent, 
probably  because  the  muscular  elements  of  the  iris  are  feebly  ex- 
pressed. There  is  no  remedy  to  suggest. 

Maegruder  presented  a child  of  six  years  to  the  Colorado  Ophthal- 
mologieal  Society  (January  21,  1911)  with  contraction  of  the  right 
pupil  from  birth.  This  was  associated  with  amblyopia  and  con- 
vergence. The  pupil  refused  to  dilate  with  atropin,  but  the  pupil  of 
the  other  eye  dilated  widely. 

Jackson,  in  discussion,  considered  the  cause  to  be  due  to  defective 
centers  in  the  brain. 

Migraine,  Ophthalmoplegic.  One  of  the  varieties  of  migraine  is  the 
so-called  “paralytic.”  In  this  we  have  the  migrainous  attack  soon 
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followed  by  complete  paralysis  of  the  third,  sometimes  also  the  fourth 
and  sixth,  nerve^s.  Charcot  in  1890  {CAin.  des  Maladies  du  Syst. 
New.,  1892,  p.  70)  first  suggested  the  name  “migraine  ophthalmo- 
plegique”  and  described  it  as  being  the  motor  form  of  the  neurosis. 
Ihe  sensory  form  is  the  ordinary  scintillating  and  neuralgic  type. 
The  paralytic  form  is  ushered  in  by  severe  pain  referred  especially 
to  the  ophthalmic  division  of  the  fifth  nerve  on  one  side.  The  pain 
is  very  severe  in  the  eyeball  and  lasts  from  an  hour  to  several  days 
then  the  attack  of  pain  is  suddenly  brought  to  a close  by  vomiting. 
After  the  painful  storm  is  over  the  paralysis  stage  sets  in.  The 
paralysis  is  almost  invariably  and  solely  confined  to  the  branches  of 
the  third  nerve  on  the  same  side  so  that  we  have  ptosis,  divergent 
strabismus,  paralysis  of  the  sphincters  of  the  iris  and  ciliary.  Hence 
the  pupil  is  widely  dilated  and  does  not  respond  to  light,  convergence 
or  accommodation.  This  complete  ophthalmoplegia  lasts  from  a few 
days  to  six  or  eight  weeks  and  then  gi’adually  disappeai-s.  The  dila- 
tation and  paralysis  of  the  pupil  are  always  present  but  the  pupil 
in  the  fellow  eye  always  remains  normal. 

Veasey  {Ophth.  Record,  August,  1909,  Vol.  VIII)  reports  such  a 
case. 

Miosis  in  prolonged  muscular  activity.  Redlich  {Wien.  Med. 
Wochen.,  Aug.,  22,  1908)  describes  a new  pupillary  phenomenon 
which  is  a marked  miosis  with  loss  of  reaction  to  light, 'occurring  dur- 
ing the  course  of  prolonged  muscular  activity,  as  in  contests  of  endur- 
ance, athletic  bouts  of  long  duration,  sustained  muscular  activity  after 
the  period  of  fatigue  has  been  reached,  etc.  Redlich  suggests  that 
the  cause  might  he  found  in  the  changed  condition  of  tension  and 
circulation  for  “if  an  irritation  of  the  sympathetic  were  the  cause 
of  this  phenomenon  we  would  expect  to  find  the  pupil  dilated  and  the 
reaction  to  light  retained.” 

The  writer  of  this  section  is  inclined  to  ascribe  the  miosis  found 
in  this  condition  of  excessive  and  prolonged  muscular  activity  to  be 
the  effect  of  the  poisons  of  oxidized  muscle  cells  in  the  blood  or  the 
catabolic  products  of  worn-out  muscle  fibers  which  are  known  to 
cause  exhaustion  and  other  symptoms  of  poisoning  when  muscular 
activity  is  continued  after  the  natural  period  of  fatigue  has  been 
reached.  The  poison  in  question  may  be  myoscin  or  analogous  bi- 
product of  acute  cellular  disintegration. 

Miosis  with  pupil  rigidity.  Levinsohn  {Ber.  klin.  Wochensck.,  1908, 
p.  745)  considers  miosis  with  rigidity  to  be  a cerebral  symptom  due  to 
irritation  of  the  Edinger-Westphal  nucleus,  which  is  regarded  to  be 
the  starting  point  of  the  centrifugal  pathw.ay  to  the  sphincter  pupill®. 
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“The  sphincter  nucleus  consists  of  two  cell-groups  one  of  which 
converts  light  stimulus  into  pupillary  contraction,  while  the  second 
controls  the  other  sphincter  reactions,”  (Convergence  and  acooni- 
niodation.)  Disease  of  the  first  group  causes  reflex  pupillary  rigidity. 
If  irritation  of  the  second  group  is  present,  the  result  is  a miosis. 
This  miosis  must  not  be  confounded  with  the  miosis  noted  in  paralysis 
of  the  sympathetic,  (See  Argyll-Rohertson  pupil,  in  this  section.) 

Miosis,  senile.  Senile  miosis,  especially  the  rigidity  of  the  sphincter 
pupillce  and  resistance  to  myotic  drugs  as  well  as  restricted  dilata- 
tion has  its  cause,  according  to  Fuchs  “in  the  thickening  of  the  con- 
nective tissue  behind  the  sphincter,”  and  Meller  states  “there  is 
hyaline  connective  tissue  at  the  border  of  the  pupil,”  (See  Hyaline 
degeneration  of  the  pupil  margin.) 

Miotic  tract,  Efferent  path  or  centrifugal  ronite.  The  line  of  neurons 
that  pass  from  the  sphincter  nucleus  in  the  region  of  the  aqueduct  of 
Sylvius  and  on  down  in  the  third  nerve  to  the  ciliary  ganglion  where 
they  communicate  with  other  neurons  that  perforate  the  sclera  near 
the  optic  nerve  and  pass  on  to  the  sphincter  pupillse.  (See  Mechanism 
of  pupil  action,  in  this  section.) 

Monocular  blindness.  In  single  eyes  that  are  blind  from  atrophy  of 
the  optic  nerve  the  pupil  responds  when  the  light  is  thrown  in  the 
other  eye,  but  remains  fixed  if  the  seeing  eye  is  excluded  and  the 
light  is  thrown  in  the  blind  eye.  The  pupil  of  the  blind  eye  will  also 
react  normally  during  the  effort  of  convergence  and  accommodation. 
(See  Hutchinson’s  pupil,  in  this  section,  also  Consensual  reaction.) 

Motor  oculi  palsy.  Many  cases  are  reported  in  literature  showing 
the  almost  uniform  behavior  of  the  pupil  in  cases  of  third  nerve  in- 
volvement. The  pupil  usually  begins  to  dilate  when  ptosis  sets  in 
and  begins  to  resume  its  normal  shape  and  reaction  as  the  ptosis 
disappears.  The  normality  of  the  pupil  is  not  completely  restored, 
however,  until  sometime  after  ptosis  has  entirely  disappeared  and  the 
eye  has  resumed  its  normal  position  and  motility. 

Sterling  {Arch,  of  Ophth.,  1901,  Vol.  XXX,  No.  1,  p.  Ill),  states 
it  is  possible  for  all  the  muscles  supplied  by  the  third  nerve  to  be 
paralyzed  excepting  the  sphincter  pupillte,  but  that  this  condition  is 
extremely  rare. 

Motor  oculi  nucleus.  The  nucleus  of  the  third  nerve  is  almost  15 
mm.  in  length  and  is  an  aggregation  of  ganglionic  cells  located  in  the 
floor  of  the  third  ventricle  and  running  backward  into  and  along 
the  floor  and  sides  of  the  aqueduct  of  Sylvius.  This  area  is  made 
up  of  separated  groups  of  cells  from  which  nerve  fibers  supplying  the 
various  mmscles  of  the  eye  supplied  by  the  third  nerve  spring.  This 
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Jms  bee.,  worked  out  a.ul  proven  by  Perlia  and  verified  by  others 

witlirn  ““t  H ‘ 'r'"  “""'“""S’'  of  one  side  of  d,e  brain 

that  ot  the  other  have  likewise  been  traced  so  that  there  is  no  real 

plete.  li  e impulse  is  received  at  the  nucleus  and  transmitted  not 

lored  i 1,  the"eoT  “liters 

S Thu  tl,  T r;  T ? “"oeted  to  the  eye 

fact  that  the  stmiiihis  ot  light  received  in  one  eve  is  followed 
by  contraction  of  ibotli  pupils  when  the  fellow  eye  is  in  darkness  proves 
the  intimate  connection  and  association  of  the  nuclei  of  the  pupil- 
s“)"’  ‘'™  (See  Centers  of  inMUtion,  inlil 

Motor  vale, we  of  the  pupil.  Polimanti  (Arch.  di.  Ottalm  1906) 
shows  that  the  threshold  stininlation  values  of  the  vario..:  section^ 
of  the  spectrum  are  determining  factors  in  the  regulation  of  piipil- 

valur  0^  th  ®’r  *'"=  '’"P"  ‘(’e  Inndnous 

he  light  rays  are  practically  identical.  (See  Threshold 
value  and  adaptation,  in  this  section.) 

Jl^Uiph  neuritis.  Polyneuritis  is  generally  due  to  toxic  influences 
excited  through  the  blood  stream.  Many  disea.ses,  mo,stly  of  infec- 
lous  nature,  may  elaborate  specific  poisons  in  the  blood  which  cause 
the  nerve  trunks  throughout  the  body  to  become  inflamed,  and  a few 
poisons  like  arsenic,  lead,  etc.,  exert  the  same  influence.  The  i^cT 
has  seen  one  case  producing  the  clinical  .symptoms  of  multiple  neii- 
iitis  including  retrobulbar  optic  neuritis  and  consequent  blindness  for 
ten  days,  as  the  result  of  refrigeration  or  a common  “general  cold  ” 
le  patient  after  a hot  bath  went  to  sleep  naked  in  a room  with  the 
windows  open  and  suffered  with  multiple  neuritis  of  the  severest  form. 
Ihe  sensory  and  motor  nerves  were  equally  affected 

In  the  alcoholic  type  of  polyneuritis  Uhthoff  found  the  pupils  af- 
fected in  6 per  cent,  of  his  cases.  There  were  pupillary  inequality 
and  sluggish  reactions  noted.  Thomsen  (Archiv.  of  Psych.,  Voh 

located  in  the  gray  matter  of 
fte  third  ventricle,  and  expressed  in  hemorrhagic  exudation,  etc.  and 
believes  the  ocular  signs  in  this  disease  are  due  to  definite  cerebral 
lesions.  One  pupil  is  usually  more  dilated  than  the  other.  Sluggish 

rem-r  T?**"  r,f ' found  in  multiple 

neuiitis.  Retrobulbar  optic  neuritis  with  impaired  vision  is  not  so 

common  but  when  present  the  pupils  are  dilated  in  proportion  to  the 

loss  of  sight.  The  other  symptoms  of  multiple  neuritis  .so  overshadow 
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the  pupil  symptoms  that  the  diagnosis  is  usually  easily  made  without 
help  from  their  condition.  (See  Poisons  also  Retrobulbar  neuritis,  in 
this  section.) 

Multipl-e  scleros'is.  The  functions  of  the  pupils  remain  normal 
as  a rule,  throughout  the  entire  course  of  multiple  sclerosis.  This,  in 
view  of  the  fact  that  other  filaments  of  the  third  nerve  are  frequently 
involved,  becomes  a valuable  aid  in  diagnosing  the  disease.  Since, 
however,  a placque  of  sclerosis  may  and  does  occasionally  involve  the 
sphincter  pupilla?  nucleus,  or  indeed  the  dilator  pupillm  nucleus  in 
the  medulla,  normal-acting  pupils  are  only  the  general  rule  to  which 
there  are  exceptions. 

Kampherstein  (Archiv.  f.  Aiigen,  1903,  p.  41)  states  that  the 
pupils  present  little  that  is  characteristic  and  hence  their  behavior 
in  the  disease  in  question  is  of  little  or  no  diagnostic  value.  He 
found  anomalous  pupils  in  four  of  his  cases,  viz.,  three  presented 
anisocoria  and  one  a faulty  reaction  to  light.  Uhthoff  {Ophthalmos- 
cope, Sept.,  1905)  reports  the  ocular  symptoms  noted  in  150  cases 
of  this  disease  and  states  the  pupils  presented  but  few  pathological  or 
diagnostically  important  phenomena.  There  was  loss  of  pupil  reflex 
to  light  in  but  one  case.  Miosis  with  slight  response  to  light  was 
noted  in  seven  cases  and  pronounced  anisocoria  in  six  cases. 

Musculature  anatomy.  The  sphincter  pupill®  is  a narrow  band 
of  circular  tissue  near  the  free  border  of  the  iris,  composed  of  inter- 
lacing, non-striated  muscular  fibers  covered  in  front  by  connective 
tissue  containing  pigment,  bloodvessels,  nerve  strands  and  lymph 
spaces  in  its  loose  stroma,  behind  by  the  brown  pigment  layer  of  the 
iris,  known  as  the  retinal  pigment  or  uveal  pigment,  and  bordered 
on  the  pupil  side  by  a reflection  of  this  same  uveal  pigment.  The 
contraction  of  this  sphincter  muscle  from  nervous  impulse  the  result 
of  various  stimuli  causes  the  lumen  enclosed  by  it  to  become  smaller 
in  conformity  with  the  well  known  law  that  wdien  an  annular  muscle 
contracts  the  space  enclosed  becomes  reduced  in  size.  This  contraction 
on  the  part  of  the  sphinter  pupillae  permits  the  entire  muscular  ap- 
paratus comprising  the  mechanism  to  glide  and  change  its  position 
so  that  it  (the  sphincter)  occupies  a more  central  area,  at  the  same 
time  there  is  a distinct  movement  of  the  entire  iris  tissue  and  a slight 
change  in  the  color  of  the  iris  brought  about  by  the  exposure  of  half 
hidden  crypts  and  the  unreefing  of  folds  that  can  be  noticed  near  the 
periphery  or  root  of  the  iris. 

The  sphincter  pupillae  is  an  involuntary  muscle  which,  however, 
can  be  made  to  act  through  voluntary  effort,  as  ])roven  when  wo 
compel  action  of  accommodation  which  is  to  a certain  extent  a volun- 
tary act. 
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The  dilator  pupill®  is  a radiating  system  of  slender  spindle-shaped 
cells  containing  elongated  nuclei  and  woven  into  non-striated  muLe 
IS  TV  ich  have  their  origin  at  the  annular  ligament  of  the  iris 
at  Its  root  and  pass  in  regular  converging  ridges  to  be  inserted  in  the 
outer  border  of  the  sphincter  muscle  and  in  its  posterior  structure 
It  has  been  commonly  taught  that  the  dilator  piipillie  is  a “sheet” 
muscle  forming  a “continuous  layer  from  the  ciliary  margin  of  the 
ms  to  the  sphincter  pupill..”  Some  discrepancy  of  opiJon  exists! 
strange  to  say,  as  to  whether  this  muscle  lies  on  the  posterior  limiting 


Eelatloii  of  Iris  Root  to  the  Iiitor-Ciliary  Grooves, 
to  the  iris  furret  tAftoTHeodUin.)  "'"""'“''ly  anterior 


fPiTehoT'*  ■"*  OVeeks),  m the  posterior  limiting  membrane 

(huchs),  or  anterior  to  this  membrane  (Henderson). 

Henderson  (see  1910,  p.  52),  states,  “Serial  reconstruc- 

slrlto  r I A continuous 

eture,  for  such  would  be  quite  unnecessarily  powerful  for  its  an- 
tagonistic sphincter,  but  that  it  consists  of  noUted  radial  fasciculi 
iion^striped  inuscle  fibers  arranged  around  and  in  front  of  the 

froT  w'ithinl'^th*"'’  through  impulses  (generally 

from  withm)  there  is  a contraction  of  muscle  fibers  which  draw  the 

rDlaxed  sphincter  pupilte  away  from  the  center  toward  the  periphery 
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and,  hence,  the  pupil  is  made  to  dilate.  (See  Dilator  pupilla^,  this 
section.) 

It  is  unscientific  and  incorrect  to  speak  of  “contraction  of  tlie 
iris,”  for  if  contraction  of  the  dilator  pupilhe  is  meant,  the  phe- 
nomenon known  as  dilation  of  the  pupil  results,  whereas  if  contrac- 
tion of  the  sphincter  pupilla3  is  meant,  the  contraction  of  the  pupil 
results. 

Mydriatics  and  myotics,  Comparison  between  the  older  and  newer. 
Schultz  (Knapp’s  Archives,  March,  1902,  Vol.  XXXI,  No.  2,  p.  120) 
mentions  atropin,  an  alkaloid  derived  from  the  root  of  atropa  bella- 
donna, as  holding  the  first  place  among  the  old  and  useful  mydriatics. 
Its  action  when  applied  in  the  eye  is  to  paralyze  the  sphincter  pupillae 
and  ciliary  muscle,  thus  causing  mydriasis  and  cycloplegia.  Since 
it  causes  further  dilatation  than  paralysis  of  the  third  nerve,  it  is 
supposed  to  also  act  on  the  sympathetic,  stimulating  the  dilator 
pupillae.  Its  effect  is  evident  in  ten  or  fifteen  minutes  and  gradually 
passes  off  after  the  third  day,  ceasing  entirely  in  from  six  to  eight, 
or  occasionally  ten,  days.  In  the  newly  born  and  the  aged  its  effect 
is  less  energetic.  In  former  days  when  atropin  was  not  well  known 
the  ten  per  cent,  solution  of  extract  of  belladonna  was  used. 

Duboisin  is  an  alkaloid  of  duboisia  myoporoides,  found  in  East 
Australia.  The  hydrochlorate  is  used  in  one-half  to  ten  per  cent, 
solutions  and  acts  on  the  iris  and  ciliary  like  atropin.  Its  action  is 
more  rapid  than  that  of  atropin  and  two  or  three  times  as  strong, 
but  it  is  more  evanescent.  Its  effect  is  evident  from  seven  to  eight 
minutes  after  instillation  and  reaches  its  maximum  in  twenty-five 
to  thirty  minutes,  lasting  about  five  days.  It  is  more  toxic  than 
atropin  and  should  not  be  used  in  children. 

Hyoscyamin,  the  alkaloid  of  hyoscyamiis  niger,  is  identical  with 
duboisin.  It  is  used  in  the  form  of  the  hydroiodate  in  1/12  to  I/2 
per  cent,  solution  and  acts  ten  times  as  energetically  as  the  same 
strength  of  atropin  upon  the  pupil  and  accommodation.  Its  effect 
lasts  from  five  to  seven  days.  It  is  more  poisonous  than  atropin. 

The  newer  mydriatics  include  (1)  scopolein  or  scopolamin.  It  is 
the  alkaloid  of  scopolia  atropoides  and  the  hydrobromate  is  used  in 
1/10  to  1/4  per  cent,  solution.  It  is  five  times  as  energetic  in  action 
as  atropin,  so  that  a 1/5  per  cent,  solution  has  about  the  effect  of  a 
one  per  cent,  solution  of  atropin.  Its  effect  lasts  four  to  seven 
(la>’T?  and  is  very  similar  to  hyoscyamin.  Strong  solutions  have  a 
toxic  effect  and  are  therefore  dangerous. 

Atrocin  is  similar  to  scopolein.  It  has  a more  intense  mydriatic 
but  a less  cycloplegic  effect. 
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. Homatropin  is  produced  synthetically.  Its  effect  is  evident  in 
twelve  to  fifteen  minutes  and  it  reaches  its  maximum  effect  in  forty 
minute^  passing  off  in  eight  to  ten  hours,  or  at  most  in  one  day. 
(1  per  cent,  solution.)  It  is  less  toxic  than  atropin,  although  cases 
of  poisoning  have  been  noticed.  (See  Hotz’s  ease,  under  Homatromn 
reported  in  this  article.) 

Gelsemine,  the  alkaloid  of  gelsemium  sempervirens,  produces  my- 
driasis lasting  from  twelve  to  seventeen  hours. 

Ephedrene,  the  alkaloid  from  ephedra  vulgaris,  is  used  in  a ten 
per  cent,  solution  and  produces  a moderate  mydriasis  in  sixty  minutes. 

The  accommodation  is  scarcely  affected  and  the  pupil  will  still  con- 
tract. 

Mydrin  is  a combined  solution  of  ephedrene  and  homatropin.  It 
was  found  that  this  solution  has  a more  energetic  action  than  ephedrene 
a one,  that  it  does  not  last  so  long  as  homatropin  alone  or  paralyze  the 
accommodation.  It  dilates  the  pupil  in  30  to  40  minutes  and  the 

accommodation  is  not  much  affected.  Its  effect 'wears  off  in  five  to 
SIX  hours. 

Euphthalmin  is  a synthetic  mydriatic.  A 5 per  cent,  solution  will 
produce  mydriasis  in  from  ten  to  fifteen  minutes.  The  dilatation  is 
ad  maximum  in  an  hour  and  the  accommodation  is  somewhat  paralyzed. 
The  effect  passes  off  in  from  four  to  five  hours.  It  is  much  used  on 
account  of  its  thorough  mydriatic  properties  and  the  short  duration 
of  its  action.  (See  Euphthalmin  in  this  section.) 

Mydrol  (iodomethyl-phenylpyrazol)  in  five  to  ten  per  cent,  solu- 
tion produces  a moderate  mydriasis  with  slight  affection  of  the  ac- 
commodation. 

Cocain  we  all  know  about  and  it  need  not  be  described  here  (See 
Mydnasis  due  to  bellflower,  also  Methyl  atropin-,  in  this  section  ) 
Of  the  myoUcs,  the  first  that  was  used  was  the  extract  of  calabar 
bean  (physostigma  venenosum).  In  1/2  per  cent,  solution  it  causes 
myosis  lasting  about  six  hours. 

Ph3^sostigmin  or  eserin  is  the  alkaloid  of  calabar  bean.  A i/>  to  1 
per  cent,  solution  of  the  salicylate,  which  is  less  irritating  than  the 
sulphate,  is  used  to  produce  myosi.s.  It  contracts  the  sphincter  of  the 
iris  and  ciliary  muscle.  The  intra-ocular  tension  is  at  first  increased 
and  then  lowered.  Its  effect  begins  in  from  one  to  two  minutes,  and 
IS  complete  in  thirty  or  forty  minutes.  The  effect  is  abolished  in  from 
twelve  to  twenty-four  hours.  The  solution  changes  color  when  ex- 
posed to  the  light  for  a few  days,  at  first  clear  it  becomes  red,  and 
this  too  without  losing  its  efficiency. 

Pilocarpin,  the  alkaloid  of  folia  jaborandi,  is  weaker  in  its  effect  in 
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contracting  the  pupil  than  eseriu  but  it  has  a similar  action.  The 
muriate  is  used  in  from  one  to  five  per  cent,  solutions.  (The  writer 
uses  eserin  in  i/g  per  cent,  solution  and  pilocarpin  in  1/2  per  cent, 
solution  and  finds  they  give  about  the  same  effect.) 

Areeein,  the  alkaloid  of  arcca  nut,  is  used  in  the  form  of  hydro- 
bromate.  A 1 per  cent,  solution  will  contract  the  pupil  in  two  minutes 
and  the  effect  will  wear  off  inside  of  two  hours.  It  is  claimed  that 
it  acts  more  quickly  and  energetically  than  eserin  and  it  is  believed 

to  be  a valuable  remedy  where  quick  action  is  desired  without  local 
irritation. 

Muscarin  from  toad  stools  and  rotten  fish,  and  pelletierin  from 
pomegranate,  will  cause  miosis,  but  these  are  not  used  in  ophthal- 
mology. (See  Mydriatic  drugs,  this. section.) 

(The  subject  of  Mydriatics— Their  actions,  their  uses  and  their 
dangers  in  ophthalmology^  is  treated  very  ably  and  exhaustively  by 

VTT  TVT  Annals  of  Ophthalmology,  October,  1903,  Vol. 

XII,  Iso.  4,  pp.  589  and  613  inclusively.) 

Mydriasis  (Etiology).  J.  M.  Ball  presents  the  following  scheme  to 
explain  dilatation  of  the  pupil:  Dilatation  of  the  pupil  is  brought 
about  nolm^ally  (1)  when  stimulation  of  the  retina  is  diminished  or 
absent  as  in  passing  from  a brightly-lighted  to  a dark  room ; and 
A directed  towards  distant  objects.  If  the  upper 

en  of  the  sympathetic  is  stimulated  the  pupil  becomes  larger  My- 
driasis  or  alnomnl  dilatation  of  the  pupil  may  be  divided  into  two 
tyqies:  (1)  paralytic  and  (2)  spastic. 

I.  Paralytic  mydriasis,  dependeid  on  the  oculo-inotor  nerve  oc- 
eurs  m:  (a)  Hemorrhage  or  tumor  in  the  door  of  the  aqueduct  of 
hylvius.  ( b)  In  di.seases  which  affect  the  fibers  of  the  motor-oculi 
nerve  anywhere  in  its  course  (e.  g.,  as  from  sinus  thrombosis,  glau- 
coma, ete^)  (c)  After  the  use  of  mydriatic-inducing  drugs,  such  as 
atropin,  duboisin,  datura,  hyoseyamin,  hyoscin  or  homatropin.  (d) 
in  coneussio  oculi. 

Spastic  mydriasis,  dependent  on  the  sympathetic,  is  found  in  • 
(a)  Fright,  (h)  Accumulation  of  CO,  in  the  blood,  (c)  In  the  fully 
developed  epileptic  and  eclamptic  attack,  (d)  Tumors  and  inflam- 
mations of  the  spinal  cord  (e.  g.,  in  the  early  stages  of  tabes),  (e) 
Keflex  action  from  the  presence  of  worms  in  the  intestines,  in  lead  and 
biliary  coic.  (f)  In  tumors  of  the  neck,  (g)  Melancholia  and 
mania,  (h)  After  the  use  of  coeain.  (i)  In  labor  and  all  painful 
irritations  of  any  part  of  the  sympathetic,  such  as  renal  colic  etc 
In  paralytic  mydria.sis  there  is  no  reaction  to  light,  accommoda- 
tion or  convergence.  In  spastic  mydriasis  there  is  iisnally  reaction  to 

Vol.  .\IV— 18 
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light  and  convergence.  Eserine  drops  will  contract  the  pupil  in  either 
paralytic  or  spastic  mydriasis.  (See  Dilation  ahnarmal,  in  this  sec- 
tion.) 

Mydriasis  from  drugs  taken  internally.  It  is  v’ell  known  that 
atropin  or  belladonna  taken  inwardly  or  used  on  the  skin  locally 
will  produce  dilated  pupils.  Hyoscin  given  internally  will  produce 
the  same.  The  pupils  in  such  cases  are  not  completely  paralyzed  a.s 
a rule  but  the  response  to  light  is  feeble.  (For  a list  of  the  drugs 
that  induce  mydriasis  when  taken  inwardly  see  elsewhere  in  this  sec- 
tion.) 

Mydriasis,  Traumatic.  It  has  often  been  obseiwed  that  a blow 
on  the  eyeball  with  any  blunt  object  may  cause  the  pupil  to  become 
dilated.  This  dilatation  may  be  transient  or  permanent.  In  some 
cases  the  sphincter  pupillm  is  ruptured  or  there  is  paralysis  of  ac- 
tion due  to  damage  to  the  nerve  endings  in  the  iris.  This  subject  is 
treated  elsewhere  in  this  section.  (See  Dilatation  and  ‘‘Co^icussio 
ocnli’*  in  this  section.) 

Mydriasis  due  to  hellflo-wer  (Datura  ahorea).  Fernandez  (Arcliiv. 
Ophthal.,  January,  1910,  Yol.  XXXIX,  No.  1,  p.  31)  had  two  eases 
come  to  him,  each  with  one  pupil  widely  dilated  and  in  each  a dis- 
tinct history  was  obtained  proving  the  mydriasis  to  be  due  to  the 
accidental  touching  of  the  eye  with  a sprig  from  the  common  (in 
Cuba)  garden  plant  known  as  the  “bellflower.”  The  plant  is  a 
species  of  the  Datura  genus  of  the  .solanaceae  famih';  it  is  also  known 
as  the  “judgment’s  trumpet”  and  is  used  in  Peru  for  the  prepara- 
tion of  the  narcotic  beverage  called  “tonga.”  In  Fernandez’s  eases 
pilocarpin  restored  the  normal  pupil  in  two  days.  (See  Mydriatics 
in  this  section.) 

Mydriatic  action  of  cocain  and  adrenalin.  Mattirolo  and  Gamna 
(Klin.  31.  f.  Augenh.,  May,  1913)  have  studied  the  effect  of  a com- 
bination of  cocain  and  adrenalin  on  the  pupil.  In  normal  persons 
the  combination  acts  synergetically  in  producing  mydriasis.  In 
anisocoria  cocain  alone  induces  a further  dilatation  of  the  wider  or 
normal  pupil  but  has  slight  effect  on  the  contracted  or  abnormal  one. 
The  subsequent  use  of  adrenalin  will  cause  the  smaller  pupil  to  di- 
late so  that  the  two  are  rendered  approximately  equal. 

In  Horner’s  syndrome  (miosis,  ptosis,  enophthalmos,  etc.)  cocain 
has  no  effect  on  the  pupil  while  adrenalin  (as  noted  elsewhere  in 
this  section,  see  Adrenilin)  will  produce  wide  dilatation  of  this 
pupil.  In  Argyll-Eobertson  pupils  cocain  has  some  effect  on  pro- 
ducing dilatation  but  adrenalin  will  cause  it  to  dilate  much  further. 
In  mydriasis  due  to  ophthalmoplegia  interna  cocain  had  slight  effect 
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ill  causing  further  dilatation  but  adrenalin  with  cocain  caused  wider 
dilatation  with  deformity  of  pupil  contour. 

^f!/dnati<'s,  Synergetic  actimi  of  comibmed.  Schwartz  {Ann. 
Opktlud.,  Oct.,  1903,  p.  711)  found  he  was  able  to  effect  a much  more 
pronounced  dilatation  of  the  pupil  by  combining  atropin  (1  per  cent.), 
scopolamin  (3  per  cent.),  duboisin  (3  per  cent.)  and  hjmscin  (3  per 
cent.)  than  by  any  of  these  solutions  used  alone  in  cases  of  chronic 
iritis  associated  with  cyelitis  and  synechia.  These  drugs  are  known 
to  be  quite  poisonous  in  such  strengths  as  he  recommends,  but  there 
may  be  eases  where  the  combined  solution  could  be  cautiously  used 
with  marked  benefit.  For  speedy  temporary  mydriasis  Schwartz 
recommends  a solution  of  homatropin  combined  with  euphthalmin. 

Mydriatic  dnigs.  Oliver,  of  Philadelphia  {Jour.  A.  M.  A.,  Feb. 
21,  1903),  states  that  drugs  which  are  mydriatic  in  action  are  to  be 
classified  further  into  four  divisions,  (1)  analgesics,  (2)  mydriatics, 
(3)  iridoplegics  and  (4)  cycloplegics.  He  calls  attention  to  the 
fact  that  mj'driatics  may  vary  in  but  one  or  two  elemental  atoms 
in  their  chemical  composition,  or  indeed  be  isomeric  and  present  dif- 
ferent phj’siological  actions  on  the  same  ocular  structure.  The  ac- 
tions of  mydriatics  are  enhanced  by  bodily  repose  and  subdued  light. 
Cold  applications  to  the  eyes  diminish  the  primary  and  secondary 
action  of  mydriatics  and  hot  compresses  promote  both  of  these  re- 
sults. In  the  order  of  their  efficienc}^  the  following  pure  mydriatics 
are  listed : euphthalmin,  homatropin,  mydrin  and  ephedrin.  The 
addition  of  cocain  to  any  of  these  renders  the  solution  more  active. 
(See  MydHatics  and  Myotics  in  this  section.) 

Mydriatics  and  myotics  in  the  intra-capsular  cataract  operation. 
Stanculeanu  and  Rasvan  {OphtJial.  Soc’y  Trans.,  Heidelburg,  August, 
1910)  experimented/'  to  determine  the  best  mydriatic  and  myotic 
drugs  to  employ  in  their  intra-capsular  cataract  operation.  They 
report  that  two  drops  of  a 1 per  cent,  solution  of  homatropin  dropped 
in  the  eye  the  night  before  gives  the  proper  dilatation  for  their 
operation.  The  incision  is  made,  their  capsule  forceps  introduced  and 
the  lens  dislocated  in  the  anterior  chamber.  The  cataract  is  then 
expressed  in  its  unbroken  capsule  by  means  of  two  broad  spatulas 
one  used  to  make  pressure  on  the  lower  margin  of  the  cornea  the 
other  to  *press  back  the  upper  margin  of  the  wound.  After  the  lens 
is  removed  from  the  eye  a 1/200  solution  of  eserin  salicylate  in  oil 
is  instilled.  On  the  next  day  the  puj)il  is  contracted  more  than 
normally,”  perhaps  the  solution  of  eserin  is  employed  again,  but  on 
the  second  day  after  the  operation  a 1 per  cent,  solution  of  atropin 
is  employed.  This  operation  in  its  ideal  result  leaves  the  pupil  round 
and  central. 
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Waiidless  {Arch.  Ophthal,  May,  19] 0,  XXX,  p.  247)  states  that 
he  is  in  the  habit  of  using  atropin  and  eserin  alternately,  or  homa- 
tropin  and  pilocarpin  in  the  same  way  to  hasten  the  absorption  of 
soft  cortical  suljstance  in  the  pupil  after  the  cataract  operation.  He 
states  that  the  dilated  pupil  produced  by  atropin  has  a tendency  to 
block  the  drainage  channels,  which  is  true  enough,  hence  he  uses 
eserin  in  solution  to  contract  the  pupil  and  the  ati’opin  in  solution 
again  to  dilate  it,  repeating  the  process  which  he  claims  tends  to  keep 
the  absorbable  substance  in  agitation  and  thus  favors  its  absorption. 

Mydriatic  conjunctivitis.  Atropin  in  solution  dropped  in  the  con- 
junctival sac  over  a period  of  time  will,  in  many  cases,  especially 
where  the  habits  ai-e  careless  and  the  solution  becomes  foul,  incite  a 
form  of  conjunctivitis  very  similar  to  trachoma  or  marked  follicular 
conjunctivitis.  This  fact  is  so  well  known  that  it  is  now  common 
knowledge.  Other  jnydriatic  solutions  especially  cocain  employed 
by  the  patient  indefinitely  will  induce  a similar  state  of  affairs.  Oc- 
casionally the  writer  has  seen  fresh  solutions  of  this  class  employed  only 
a few  times  set  up  a distinct  conjunctivitis.  Some  patients  are  par- 
ticularly susceptible  to  inflammatory  reaction  from  atropin  drops 
where  idiosyncrasy  exists,  and  eserin  drops  are  also  quite  irritating 
in  the  majority  of  cases. 

Kipp  (Trans.  N.  Y.  Acad.  Med.,  Ophthnl.  Soc.,  Nov.  20,  1905)  re- 
ported marked  conjunctivitis  with  edema  of  eyelids  in  a patient 
with  immature  cataract,  induced  by  the  twice  daily  instillation  of  a 
4 per  cent,  solution  euphthalmin  for  improvement  of  vision  after 
five  weeks’  use  of  the  drug.  Upon  ceasing  the  use  of  the  mydriatic 
the  conjunctivitis  subsided  and  upon  reemploying  it  a prompt  re- 
turn of  the  conjunctivitis  was  noted.  H.  Knapp  had  made  the  same 
observation  in  one  of  his  cases. 

Mydriaiic  tract.  The  line  of  neurons  running  from  the  dilator 
center  in  the  medulla  down  the  spinal  cord  to  the  cilio-spinal  cen- 
ter, thence  along  the  first  dorsal  nerves  *of  the  cord  to  the  inferior 
cervical  ganglion,  thence  to  the  superior  cervical  ganglion,  thence  to 
the  nasal  branch  of  the  ophthalmic  nerve,  thence  to  the  long  ciliary 
nerves  to  the  dilator  pupilla;  muscle  in  the  iris — all  comprising  the 
so-called  “sympathetic  nerve  tract  to  the  iris.” 

Myelitis,  Acute  disseminated.  Holden  (Archives  of  Ophth.,  Vol. 
XLIII,  No.  3,  May,  1914,  p.  231)  reports  a case  of  this  disease  in 
which  there  was  retrobulbar  optic  neuritis.  The  right  pupil  was  7 
mm.  and  did  not  react  to  light  but  reacted  to  convergence.  The  left 
pupil  was  5 mm.  with  the  pi’opei’  light  and  convergence  reaction. 
The  right  eye  had  no  perception  of  light.  The  left  counted  fingers 
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at  three  feet  on  the  nasal  side.  Tlie  puj)ils  in  this  disease  are  not  of 
diagnostic  significance  for  they  behave  as  wonld  be  the  case  where 
the  eyes  were  blind  from  any  cause.  The  proportion  of  dilatation  in 
partial  blindness  from  any  cause  is  followed  by  the  same  noted  in 
this  ease. 

Myelitis.  Since  optic  neuritis  and  subsequent  blindness  from 
atrophy  often  occur  in  myelitis,  it  is  not  to  be  wondered  at  that  in 
this  condition  we  find  the  pupils  are  dilated  and  fixed.  But  the 
pupils  often  vary  in  this  disease.  One  is  apt  to  be  more  dilated  than 
the  other  in  ratio  to  the  ambljmpia  present. 

If,  however,  the  diseased  process  involves  the  last  cervical  and 
first  dorsal  part  of  the  cord,  there  may  be  contraction  of  the  pupils 
(spinal  miosis)  along  with  other  symptoms  due  to  paralysis  of  the 
cervical  sympathetic  nerves,  such  as  partial  ptosis,  enophthalmos,  etc. 

In  the  early  stages  of  myelitis  affecting  this  part  of  the 
cord,  irritative  signs  are  manifested  on  the  part  of  the  cervical 
sympathetic,  as  expressed  in  dilatation  of  the  pupils,  etc.  This 
dilatation  is  due  to  a different  cause  from  that  seen  in  the  optic 
nerve  type  of  the  disease  for  in  the  latter  the  amaurosis  impairs  the 
light  stimulus  along  the  pupillary  reflex  arc.  (See  Diagnostic  value 
elsewhere  in  this  section.) 

Myotics  after  an  iridectomy,  Contraction  of  the  pupil  ivith. 
Since  contraction  of  the  pupil  is  effected  by  the  instillation  of  certain 
drugs,  which  it  is  claimed  stimulate  the  sphincter  pupillae  to  ac- 
tion, one  would  naturally  infer  that  if  this  annular  muscle  were  cut, 
as  with  an  iridectomy  operation,  no  such  contraction  could  occur 
when  miotic-inducing  drugs  were  employed.  The  fact  is,  however, 
that  eserin  drops  will  induce  pupillary  contraction  in  spite  of  the 
fact  that  a segment  of  the  sphincter  has  been  cut  away,  and  its  ef- 
fect is  apparently  as  lasting  as  if  iridectomy  had  not  been  employed. 
The  eontraetion  is,  however,  not  so  pronounced  as  regards  the  uncut 
part  of  the  .sphincter  as  would  be  the  ease  in  the  same  segment  if 
no  iridectomy  had  been  performed. 

Myotonic  convergence  reaction  of  Saenger,  or  hradycoriu  of  Do- 
nath.  Oloff  (Am.  Jour.  Ophthal.,  April,  1915)  states  that  Saenger 
(Neurol.  Centr.,  1896,  p.  1007)  proposed  the  name  “myotonia  pupil- 
laris”  to  establish  a similarity  of  the  pupihbehavior  in  certain  eases, 
to  the  behavior  of  the  voluntary  muscles  in  Thomson’s  disease  (myo- 
tonia congenitalis)  with  which,  however,  it  is  not  to  be  confused. 
They  are,  pathologically  considered,  entirely  different;  this  is  the 
generally  accepted  view  although  Iloehe  observed  this  pupillary  phe- 
nomenon in  a genuine  ca.se  of  Thomson’s  di.sease.  Oloff  reports  two 
cases : 
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Case  I was  a boy  of  18  of  low  mentalit}'’  with  negative  history  as 
to  illness  or  injury.  His  pupils  were  noticed  to  be  unequal  since 
childhood.  They  were  unequally  dilated  the  right  being  5 nim.  left 
7 mm.  in  diameter.  The  direct  and  consensual  reactions  were  pres- 
ent but  in  the  left  eye  they  were  somewhat  sluggish.  On  convergence 
the  left  pupil  slowly  contracted  as  compared  with  the  right  and  on 
looking  at  infinity  it  remained  contracted  for  one  minute  longer  than 
the  right.  Vision,  accommodation  and  fundus  were  normal  and  there 
was  no  ocular  disease,  inflammatory  or  degenerative,  present.  During 
the  course  of  the  examination  a remarkable  change  took  place.  The 
phenomena  reversed  themselves  so  that  the  left  pupil  became  the 
more  dilated  and  sluggish  and  the  right  pupil  in  turn  presented  the 
myotonic  phenomenon  for  it  was  seen  to  remain  in  a contracted 
state  on  looking  off  just  as  the  left  had  done  so  shortly  before.  This 
play,  changing  from  right  pupil  to  left  pupil  and  back  again,  was 
observed  repeatedly.  The  more  dilated  pupil,  whichever  it  hap- 
I)ened  to  be,  was  slow  in  contracting  to  convergence  and  remained 
contracted  for  a considerable  time  after  relaxing  the  convergence. 
'Phe  only  other  symptom  referable  to  the  general  nervous  system  was 
absence  of  patellar  reflexes.  Wassermann  and  cerebro-spinal  fluid 
tests  were  negative. 

Case  II  Avas  a man  aged  44,  tbe  victim  of  chronic  alcoholism  (pe- 
riodic). There  was  a sensitive  scar  on  the  left  side  of  his  head, 
corresponding  to  the  suture  between  the  parietal  and  occipital  bones, 
the  result  of  being  hit  on  the  head  nine  years  before  with  a falling 
beam.  Moderate  nystagmus  was  present.  Tire  pupils  were  not  quite 
round,  the  right  measuring  5.5  mm.,  the  left  3 mm.  in  diameter. 
The  direct  and  comsensual  reactions  were  present  in  the  right  and 
almost  absent  in  the  left.  With  convergence  the  left  pupil  con- 
tracted more  sloAvly  than  the  right  but  in  the  end  became  more  con- 
tracted and  when  looking  off  it  remained  contracted  for  30  seconds 
and  then  gradually  dilated  to  its  former  size.  The  right  pupil  would 
promptly  dilate  after  convergence  ceased.  (Myotonic  convergence 
reaction  of  the  left  pupil.)  Aside  from  slight  pallor  of  left  optic  disk 
his  eyes  were  entirely  normal.  The  patellar  reflexes  Avere  absent  in 
this  case  also.  There  were  no  other  symptoms  of  tabes  present. 

These  tAAm  cases  presented  the  following  symptoms  in  common: 
(1)  difference  in  the  width  of  the  pupils;  (2)  monolateral  myotonic 
convergence  reaction ; (3)  absent  or  nearly  absent  light  reaction  in 
the  eye  presenting  the  myotonia  of  the  sphincter,  and  (4)  absent 
patellar  reflexes.  The  phenomenon  under  discussion  Avas  in  the  one 
case  associated  Avith  the  dilated,  while  in  the  other  Avith  the  con- 
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tracted,  pupil.  JMoreover,  in  the  former  ease  the  phenomenon  changed 
from  one  eye  to  the  other  while  in  the  latter  it  was  constantly  pres- 
ent in  the  left  eye  onlj'.  The  low  mental  state  of  the  one  case  and 
the  head  injury  sustained  by  the  other  seem  to  indicate  a cerebral 
cause. 

Cases  presenting  the  myotonic  reaction  have  been  reported  by 
Axenfeld,  Saenger,  Strausburger,  Nonne,  Rothmann,  Roemheld  and 
Marcus.  Dimmer  reported  a case  in  1911  and  Lerperger  in  1914. 
Others  have  followed  by  Piltz,  Strausburger,  Saenger  and  Bach. 
Dimmer’s  and  Magitot’s  cases  are  mentioned  below. 

The  clinical  manifestations  as  noted  in  a critical  survey  of  these 
cases  were  not  uniform.  There  were  great  variations  in  the  behavior 
of  the  pupils  to  light,  convergence,  etc,  and  the  histories  varied 
greatly.  The  only  symptom  that  was  constant  in  all  was  the  pro- 
longed contraction  after  convergence  ceased.  In  three  of  the  fifteen 
cases  collected,  the  phenomena  were  bilateral.  Oloff’s  was  the  only 
case  in  which  the  myotonic  contraction  shifted  back  and  forth  be- 
tween the  two  eyes.  In  twelve  of  the  fifteen  cases  reported  the 
pupil  of  the  fellow  eye  was  normal  in  reaction. 

Myotonic  convergence  reaction  should  not  be  conftounded  with 
tonic  light  reaction  which  is  a sluggish  contraction  to  light  noticed 
in  on-coming  amaurosis  and  sometimes  in  normal  eyes  (Bumke  and 
Bach)  or  with  neurotonic  reactions  described  by  Weiler  in  which 
the  pupil  contracts  for  a short  time  to  light  and  then  gives  way  to 
rapid  dilatation  in  spite  of  continued  illumination  (noted  in  paralyt- 
ics). 

Dimmer  {Klin.  Monatshl.  /.  Augenh.,  Sept.,  1911)  would  discon- 
tinue the  use  of  the  terms  “myotonic”  and  “neurotonic”  pupil  re- 
actions preferring  to  regard  the  conditions  they  represent  to  be  sim- 
ply tonic  reactions  "to  light,  orbicularis  contractions,  convergence 
effect,  etc.,  as  the  case  may  be.  He  reports  the  case  of  a school-boy 
with  a suicidal  tendency  who  presented  the  “myotonic  reaction.” 
I’he  right  pupil  was  dilated  to  8 or  9 mm.,  there  was  slow  contrac- 
tion to  bright  light  to  6.5  mm.  and  further  contraction  to  accom- 
modation and  convergence  to  3 mm.  with  slow  return  to  the  dilated 
state  upon  withdrawing  the  contracting  stimuli.  The  terms  “myo- 
tonic” and  “neurotonic”  contraction  of  the  pupils  seem  to  have 
come  to  stay  for  they  describe  a form  of  pupil  behavior  that  is 
definite.  Piltz  first  described  the  phenomenon  {Neurolog.  Centralbl., 
1900)  and  the  literature  was  reviewed  and  summarized  by  Ronne 
{Klin.  Monats.,  Vol.  47,  1909).  Magitot  of  Paris  {Ann.  d’oeulistique, 
April,  1911)  also  described  the  reaction  in  a patient  of  57  who  was 
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complete  in  itself.  The  sensory  arm  heino:  afferent  from  the  cornea 
to  the  ciliary  ganglion,  and  the  motor  arm  being  efferent  from  the 
ganglion  to  the  sphincter  pupilhe.  This  arc  is  in  action  in  ease  of 
phlyctens,  coimeal  abrasions  or  nleers,  corpus  alien  in  ocnli,  etc.  It 
is  in  abeyance  in  nenro-paralytic  keratitis,  eocain  ane.sthesia  of  the 
cornea,  etc.  (See  ('iliarij  ganglion  and  also  Argyll-B,oherlson  Dunn’s 
theoiy. ) 

Neurotanic  reaction.  This  reaction  is,  by  Bach,  said  to  be  due  to 
a lesion  of  the  centripetal  arm  of  the  light  reflex  and  is  by  him 
thought  to  be  a transition  phenomenon  leading  to  total  rigidity  in 
the  course  of  time.  It  is  slow  contraction  of  the  pupil  following 
direct  illumination  of  the  eye  and  manifesting  itself  quite  tardily 
as  compared  with  the  normal  response  to  light.  After  the  contrac- 
tion is  established  it  passes  off  more  slowly  than  the  normal  when 
the  bright  light  is  withdrawn, 

(This  phenomenon  is  further  discussed  in  General  'pathology  of 
the  pupil  elsewhere  in  this  section.) 

In  the  newly  horn.  Von  Gudden  {Trans.  Soc’y  Morph,  and  Phys., 
iMunich,  Nov.,  16,  1909)  states  that  the  pupils  of  the  newly  born  are 
not  contracted  during  sleep  as  in  adults,  but  are  moderately  dilated. 
After  the  third  month  they  show  more  contraction  during  sleep,  and 
after  the  ninth  month  they  dilate  to  the  maximum  on  awakening, 
as  in  adults.  These  phenomena  he  explains  by  assuming  “medul- 
lary unripeness  of  the  conducting  nerve  fibers  in  the  newly  born 
and  on  the  assumption  that  the  dilatation  on  awakening  is  a cortical 
reflex.  (See  Infants’  pupils  in  this  section.) 

Normal  pupil,  Dimensions  of  the.  Tange  {Arch,  of  Ophthal.,  May, 
1908,  Vol.  XXXVII,  No.  3,  p.  320)  states  that  Silberkuehl  after 
making  a large  number  of  observations  of  the  pupil  behavior  in  nor- 
mal persons  of  various  ages,  found  that  the  pupil  has  a constant 
width  of  4 mm.  until  the  20th  year,  and  3 mm.  after  the  50th  year. 

Tange  himself  examined  1,000  pupils  and  reports  that  there  is  a 
marked  individual  difference  in  the  size.  It  is  smaller  in  the  male, 
in  hypermetropia  and  in  increased  age;  the  color  of  the  iris  has  no 
influence  on  the  size  of  the  pupil.  Myopes  have  larger  pupils  than 
emmetropes  until  the  age  of  20,  and  at  the  age  of  40  the  difference 
is  negligible.  (See  Dimension  physiological,  this  section.) 

Nuclear  paralysis.  Monocular  'mydriasis  from.  There  is  in  this 
affection  .some  contraction  of  the  pupil  noted  when  a strong  effort  at 
accommodation  is  made  which  Knies  explains  as  being  due  to  influx 
of  blood  in  the  iris  incident  to  the  ciliary  effort.  The  contraction 
noted  is  feeble  and  short-lasting.  There  is  also  some  added  dilata- 
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tion  of  the  pupil  if  the  skin  near  the  eye  be  irritated,  which  is  ex- 
plained by  the  stimulation  of  the  sympathetic  thus  incited. 

Nystagmus,  Voluntary.  In  nystagmus  nothing  noteworthy  is  ob- 
served in  the  behavior  of  the  pupil  but  Weekers  {Archiv.  d’ophtal., 
Feb.,  1912,  p.  86)  reports  the  case  of  a young  man  desiring  to  escape 
military  service  who  by  concentratjaig  his  attention  on  his  eyes 
could  induce  a well-marked  liorizontal,  sharp  and  rapid  nystagmus 
running  twenty  to  thirty  jerks  in  ten  seconds.  During  the  nystagmus 
there  was  distinct  contraction  of  the  pupils  noted.  The  pupils  as- 
sumed a markedly  oval  shape  with  the  long  axis  vertical:  When  the 
nystagmus  ceased  the  pupils  became  round  and  normal  in  size.  (See 
Changing  pupils  in  this  section.) 

Okew’s  pupils.  A condition  in  which  one  of  the  visual  axes  is  de- 
viated upward  and  the  other  downward.  The  sign  has  to  deal  with 
the  axes  of  vision  and  not  with  the  pupils,  but  sursum  vergens  or 
deorsum  vergens  being  present  the  pupils  are  not  in  the  same  hori- 
zontal plane. 

Occlusio-pupillcB  is  usually  the  result  of  a neglected  plastic  iritis, 
or,  more  properly  speaking,  iridocyclitis.  The  margin  of  the  pupil 
becomes  bound  to  the  anterior  capsule  of  the  lens  and  the  pupil  space 
'becomes  occupied  with  an  organized  exudate  which  has  precipitated 
on  the  lens  capsule  filling  the  pupil  aperture.  If  the  occlusion  is 
complete  sueh  eyes  present  the  phenomenon  known  as  iris  bombe. 

Opacity,  Dilatation  of  the  pupil  in  unilateral  corneal.  Zur  Ned- 
den  {Klin.  Monatshl.  f.  Augenh.,  LII,  p.  844)  has  seen  in  each  of 
several  cases  of  dense  opacity  of  the  cornea  in  one  eye,  a dilated 
pupil  in  the  other  eye.  He  assumes  that  the  pupil  of  the  eye  with 
the  central  opacity  adapts  itself  for  increased  lateral  vision  by  dila- 
tation. This  seems  true  inasmuch  as  central  vision  or  fusion  is  lost. 
The  effect  of  this  effort  to  retain  peripheral  vision  in  the  scarred  eye 
by  dilatation  of  its  pupil  doubtless  causes  the  pupil  in  the  unaffected 
eye  to  dilate  consensually. 

Ophthalmoplegia  interna  congenitalis.  Lehman  {Arch.  f.  Aug., 
77,  p.  43)  leports  the  ca.se  of  a woman,  twenty-nine,  who  had  almost 
complete  congenital  iridoplegia  in  which  the  right  pupil  measured 
7 mm.  and  refused  to  contract  'by  strong  illumination,  while  the  same 
illumination  in  the  left  eye,  which  was  normal,  caused  both  pupils 
to  contract  to  3.5  mm.  He  explained  this  by  assuming  an  insufficient 
development  of  the  pupillomotor  fibers  of  the  optic  nerve,  which, 
according  to  Hess,  divide  into  two  branches,  one  going  to  the  pupil- 
lary center  the  other  to  a cerebral  cortex. 

Groethuysen  {Arch.  f.  Aug.,  76,  p.  265)  reports  the  case  of  a male 
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aged  18,  who  had  congenital  ophthalmoplegia  interna,  the  pupil  being 
widely  dilated  and  immovable  since  birth. 

Ophthalmoplegia  totalis  or  nuclear  palsy.  This  disease  usually 
manifests  itself  in  ptosis  first.  Soon  the  excursions  of  the  eyeballs 
are  noticed  to  be  limited;  during  this  state  the  pupils  present  no  ab- 
normality and  the  disease  is  called  ‘ ‘ ophthalmoplegia  externa.  ’ ’ Later 
on,  in  most  cases  the  pupils  show  sluggish  reaction  and  slight  dilata- 
tion, and  finally  complete  dilatation  and  fixity — ‘'ophthalmoplegia 
totalis.”  The  pathological  anatomy  is  a progressive  degeneration  of 
the  cells  of  the  nuclei  of  the  third,  fourth  and  sixth  nerves  analogous 
to  that  found  in  progressive  bulbar  palsy.  The  location  of  the 
nuclei  involved  in  ophthalmoplegia  interna  and  externa,  being  re- 
mote from  vital  centers,  renders  the  disease  of  much  longer  duration 
than  in  progi’essive  bulbar  palsy. 

Levinsohn  {Archiv.  of  Ophthal.,  March,  1901,  Vol,  XXXII,  p. 
166)  maintains  that  in  spite  of  the  teaching  of  Uhthoff,  Bach  and 
others  ophthalmoplegia  is  in  many  cases  explained  only  by  assump- 
tion of  a nuclear  lesion  and  is  often  a sign  of  tabes,  paresis  or  cere- 
bral syphilis.  It  is  rare  among  the  young,  but  he  reports  ophthal- 
moplegia interna  in  a boy  of  sixteen  in  whom  the  right  pupil  was 
contracted,  the  left  dilated.  The  right  reacted  slightly  to  light,  the 
left  scarcely  at  all.  Another  case  in  a girl  of  nineteen  had  dilata- 
tion of  the  left  pupil  while  the  right  was  normal.  In  both  of  these 
cases  there  was  unilateral  paralysis  of  the  intrinsic  ocular  muscles. 
Xo  cause  could  be  found.  They  did  not  have  syphilis.  The  affected 
pupils  contracted  to  eserin  with  return  of  accommodation  power, 
from  which  finding  Levinsohn  maintained  that  the  lesion  existed 
posterior  to  the  ciliary  ganglion.  He  maintains  that  a lesion  of  the 
oculo-motor  nucleus  would  explain  the  pupillary  manifestations. 

Optic  neuritis  and  papilledema.  In  this  condition  the  visual  func- 
tion, while  impaired,  is  not  necessarily  so  much  impaired  as  to  no- 
ticeably affect  the  reaction  of  the  pupil.  If  then  we  have  a case  of 
dilated  pupil  in  connection  with  optic  neuritis,  we  may  assume  that 
there  is  cerebral  pressure  present  and  that  the  pupil  is  dilated  be- 
cause there  is  distension  of  the  third  ventricle  and  consequent  paral- 
ysis of  the  center  controlling  the  sphincter  pupilte  (acute  hydro- 
phthalmus  interna). 

Bach  states  that  the  pupil  in  optic  neuritis  is  frequently  dilated 
and  that  the  light  reaction  varies,  though  not  always,  with  the  dis- 
turbance to  vision.  Even  when  visual  acuity  is  good  the  light  reac- 
tion may  be  nearly  absent.  When  the  visual  acuity  is  different  on 
the  two  sides  one  does  not  always  find  the  pupil  larger  on  the  more 
affected  side.  When  there  is  tumor  of  the  orbit  the  size  and  reaction 
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>'“'>“86  of  involvement  of  the  eiliary 
OT  nerves  to  the  intrinsic  ej-^e  muscles.  ^ 

“f  ‘>‘6  orl'it  will  usually  re- 

O of  the  optic  nerve  is  prolonged  and  blindness  sets  in  we  may  ex- 
pect the  pupil  to  refuse  to  reaet  to  light.  The  same  is  true  in  aU 
cases  of  orbital  disease  where  the  slack  in  the  nerve  is  taken  up  by 
ense  edema  of  the  orbital  tissues  causing  exophthalmos  and^  im- 
mobilisation of  tlie  eyeball.  The  dilation  of  the  pupil  if  present  may 
in  some  of  these  cases  be  e.xplained  by  paralysis  of  function  of  the 
ciliary  ganglion  due  to  the  cellulitis  present. 

(lrp«iiic  brain  lesions,  Diagnosis  in.  Mignot  after  an  exhaustive 
study  of  the  subject  formulates  the  rule  that  complete  and  persistent 

piobabihty  of  psychosis  with  organic  brain  lesion.  ( Vide  Posev  and 
Spiller,  The  Eye  and  Nei-vmis  System,  p.  515.) 

Oscillatwns  of  the  pupil  (Normal).  Schmeichler  has  noted  that 
it  an  artificial  light  in  a darkened  room  is  held  before  one  eye  while 
the  other  is  closed,  tlie  pupil  of  the  exposed  eye  contracts  and  then 
di  ates,  re-contracts  and  re-dilates  and  so  on,  the  fluctuations  bein- 
aihythmic  and  of  varying  degrees.  These  oscillations  of  the  pupil 

room  if  both  eyes  are  exposed  and  fixed  on  the  artifieial  light  (See 

Ozena,  Mydriatic.  Khoads  (Ophthalmology,  July,  1911,  Vol.  VII 

3“  P“‘i6nts  who  had 

lad  coeain  and  homatropin  drops  instilled  in  their  conjunctival  sacs 
in  routine  refraction  work  for  their  mydriatic  effect,  emitted  a char- 
acteristic ozena-like  odor  from  their  nostrils  which  was  present  only 
during  the  immediate  action  of  the  drug.  He  offers  no  explanation 
and  awaits  reports  from  others. 

Culbertson  {Ophthalmology,  October,  1911,  Vol.  VIII  No.  1 n.  15) 
reports  that  he  too,  has  observed  this  odor  emanating  from  the"  nos- 
trils in  almost  every  patient  on  whom  he  has  used  atropin  and  re- 
nmrks  the  stronger  the  solution  the  more  disagreeable  the  odor.  He 
offers  an  e^xplanatiou  that  the  atropin  dries  up  the  secretions  within 
the  nose  during  its  ra mediate  action  and  that  the  absence  of  the 

nasal  secretions  permits  foul  gases  to  be  generated  and  exhaled  from 
the  nostrils. 

Paradoxical  papillary  reaction.  Hess  (Trans.  Med.  Soc.  Ham- 
burg  February  9,  1909)  exhibited  a man  of  59  who  had  contracted 
syphilis  25  years  previously  and  who  exhibited  paradoxical  reaction 


PUPIL,  THE,  IN  HEALTH  AND  DISEASE 


10693 


of  the  pupils  to  light.  The  pupils  in  rest  were  contracted  but  on 
making  the  direct  light  test  they  slowly  dilated  to  two  or  three  times 
their  usual  size.  Cerebral  syphilis  was  diagnosed  and  an  organic 
lesion  was  suspected.  The  function  of  the  right  eye  was  normal,  the 
left  was  amblyopic  with  central  scotoma  and  contracted  color  fields. 
The  optic  disks  were  uniformly  gray.  Hess  interpreted  the  paradoxi- 
cal behavior  of  the  pupils  as  “an  action  of  the  dilator  whose  centers, 
both  cerebral  and  .spinal,  were  destroyed.” 

Silex  (Zeit.  f.  Augenh.,  June,  1900)  reports  the  case  of  a woman 
of  fifty-two  who  had  had  an  injury  to  the  back  of  her  head  some 
years  previously  and  whose  pupils  dilated  at  once  under  the  influ- 
ence of  light.  Disease  of  the  cerebro-spinal  nervous  system  was  ruled 
out  in  this  case,  nor  was  there  any  sign  of  hysteria  present.  He 
offered  the  explanation  that  there  may  be  increased  excitability  and 
lowered  resisting  powers  of  the  entire  nervous  system  and  conse- 
quently of  the  pupillary  fibers  in  these  cases,  so  that  when  light 
falls  in  the  eye  there  is  rapid  exhaustion  of  these  fibers  and  abolition 
of  function  with  stimulation  of  the  dilating  fibers  of  the  iris. 

Westphal  and  Piltz  {Neurol.  Ceniralbl.,  1900,  p.  149)  state  that 
the  .so-called  paradoxical  pupillary  reaction  is  elicited  when  the 
lids  are  energetically  pinched  together  (Westphal)  or  when  they 
are  held  apart  while  the  patient  is  told  to  close  them  forcibly  (Piltz). 
On  ceasing  this  effort  the  pupils  contract  and  then  dilate.  This  he 
states  is  a physiological  process. 

Spiller  ■ (PMa.  Med.  Jour.,  May  2,  1903)  reported  three  oases  in 
which  when  the  patients  employed  the  effort  of  accommodation  the 
pupils  dilated.  The  paradoxical  dilatation  of  the  pupil  to  light  re- 
flex has  been  much  more  commonly  observed  when  light  was  unex- 
pectedly flashed  in  the  eye  and  an  explanation  has  been  offered  by 
Oppenheim  (Neur.  Centr.,  Vol.  XXX,  p.  362)  that  the  flash  of  light 
in  the  eye  of  a nervous  patient  would  tend  to  startle  him  and  cause 
dilatation,  but  in  Spider’s  thi’ee  cases  no  such  explanation  will  hold. 
This  .seems  to  us  a truly  paradoxical  reaction  and  there  is  no  explana- 
tion that  we  know  of. 

(For  mydriasis  transformed  into  miosis  by  bending  the  head  for- 
ward see  Changing  pupils  in  this  section.) 

Paralysis  (flitting)  of  the  pupil.  Von  Hippel  has  noticed  paraly- 
sis of  accommodation,  mydriasis  and  pupillary  rigidity  alternating 
and  returning  after  several  days  in  healthy  subjects  of  twenty  and 
in  two  epileptics.  He  does  not  ascribe  a cau.se  but  suspects  incipient 
tabes. 

Paralysis  of  the  sphincler  muscle  of  the  iris.  Haeh  states  that  ^ 
while  paralysis  of  the  si)hin('ter  muscle  of  tlie  ii’is  causes  dilated 
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pupil  this  dilatation  is  not  ad  inaxinium.  Moreover,  individual  vari- 
ations may  occur.  In  unilateral  cases  the  difference  which  may  be 
marked  in  the  light,  may  disappear  in  the  dark.  It  is  well  known 
that  atropin  will  cause  further  dilatation  of  the  pupil  than  can  be 
produced  by  paralpis.  This  is  true  even  after  death,  proving  that 
the  drug  has  a stimulating  effect  on  the  dilator  pupilhe  and  that 
there  are  probably  ganglionic  centers  in  the  iris  M^hich  are  viable 
tor  a short  while  after  death. 

/ aranoia.  The  subjects  of  paranoia  do  not  present  any  constant  or 
c aracteristic  pupil  phenomena;  in  most  cases  the  pupils  appear 
normal.  Miosis,  inequality,  diminished  light  reflex  and  deformi- 
ties of  the  pupil  have  been  recorded,  but  we  have  no  guide  to  the 
diagnosis  of  paranoia  by  anything  the  pupil  may  present. 

Paresis.  The  appearance  and  behavior  of  the  pupils  play  a promi- 
nent part  in”  the  early  diagnosis  of  paresis.  Dercum  states,  “one  of 
the  earliest  phenomena  observed  in  paresis*  is  that  of  inequality  of 
the  pupils.  Not  alone  is  this  noticeable  but  difference  in  the  ready 
response  to  light  on  careful  testing,  even  in  cases  where  the  pupils 
are  equal  in  size,  constitutes  a valuable  and  suggestive  sign  of  incipi- 
ent  paresis.  Dercum  further  states,  “In  the  early  stages  of  paresis, 
a difference  in  the  promptness  of  the  response  to  light  reaction  be- 
^ween  the  right  and  the  left  pupil  is  almost  the  rule.”  Likewise 
an  impairment  in  the  consensual  light  reaction  may  be  the  first 
symptolni  of  a pupillary  disorder  in  paresis.” 

These yatemenfs  are  corroborated  by  numerous  observations  eare- 
fully  followed  up  and  admit  of  no  question.  The  early  diagnosis 
of  paresis  rests  then  with  the  ophthalmologist  who  usually  sees  these 
patients  first  on  aecoiint  of  the  ocular  s.vmptoms  for  which  they 
seek  his  assistance.  A differentiation  in  the  diagnosis  between  in- 
cipient paresis  and  incipient  tabes  at  once  arises.  The  student  will 
observe  that  a difference  in  the  size  of  the  pupils  is  common  as  an 
ar  y manifestation  in  each  of  these  diseases,  but  in  the  case  of 
paresis  there  is  tendency  to  monocular  miosis  as  compared  with 
tabes  in  which  the  early  tendency  is  to  binocular  miosis.  It  may  re- 
quire some  skill  to  determine  which  is  the  pathologic  pupil  Giyen 
a case,  for  example,  in  which  the  right  pupil  is  4 mm.  and  the  left  3 mm 
the  question  arises,  is  the  right  pupil  the  normal  one  and  the  left 
contracted,  or  is  the  left  the  normal  one  and  the  right  dilated’  It 
umuld  seem  that  Gie  presence  of  the  Argyll-Robertson  phenomenon 
ot  immobility  to  light  but  response  to  accommodation  would  fix  the 
diagnosis  of  tabes,  or  that  the  absence  of  this  phenomenon  would  fix 
the  diagnosis  of  incipient  paresis,  but  unfortunately  in  early  paresis 
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we  may  occasionally  have  Argyll-Robertson  pupils  wliile  in  tabes 
we  may  note  unequal  pupils  with  sluggish  reaction  to  light  in  one 
or  both.  Moreover,  it  is  not  uncommon  to  find  the  pupils  in  each 
of  these  diseases  to  be  quite  normal  in  every  way.  (See  Dercum’s 
article  on  Paresis  in  Posey  and  Spider’s  text-book  on  'The  Eye  and 
The  Nervous  System,  1906.) 

Other  ocular  and  bodily  symptoms  must  in  all  cases  be  taken  into 
account,  for,  as  stated  before,  in  no  disease  is  there  such  a thing  as 
pathognomonic  pupils. 

To  illustrate  the  constancy  of  ocular  signs  in  the  early  manifes- 
tations of  paresis  the  statistics  of  Joffroy  are  here  quoted:  Num- 
ber of  cases  of  paresis  examined  early  as  to  the  presence  of  distinct 
and  characteristic  ocular  symptoms — 227.  Number  of  cases  pre- 
senting ocular  symptoms — 212.  Joffroy  states  that  the  remaining 
15  no  doubt  presented  characteristic  ocular  signs  later  on.  Thus  it 
will  be  observed  that  ocular  symptoms  of  paresis  are  almost  inva- 
riably present.  Of  these  ocular  symptoms  the  pupils  are  the  most 
important  as  affording  definite  data  leading  to  the  diagnosis  for,  as 
above  stated,  we  usually  find  unequal  pupils  with  sluggish  reaction 
to  the  consensual  test. 

In  summing  up  the  statistics  on  the  subject  Dercum  rightly  states 
that  much  allowance  must  be  given  to  the  personal  equation  of  the 
observer,  for  what  would  be  called  ‘‘inequality  and  sluggish  reac- 
tion” by  one  would  pass  for  noinnal  pupils  by  another  less  keenly 
observant ; moreover,  some  allowance  must  be  made  for  the  stage 
of  paresis  present  at  the  time  of  examination;  thus  a doubtful  case 
of  inequality  of  the  pupils  at  an  early  stage  of  the  disease  at  the 
time  the  statistics  were  gathered  would  soon  after,  or  surely  later 
on,  have  shown  frankly  unequal -pupils. 

Dercum  has  compiled  the  records  of  various  observers  on  the 
question  of  pupil  inequality  as  follows: 


Siemerling  noted  inequality  ip 
Lasegue  noted  inequality  in . . . 
Morean  noted  inequality  in... 
Rrancotte  noted  inequality  in. 
^fendel  noted  inequality  in . . . 
Mobeche  noted  inequality  in.  . . 

Kals  noted  inequality  in 

Maril  noted  inequality  in 

Ebecke  noted  inequality  in... 
Renaud  noted  inequality  in.  . . 
Seifert  noted  inequality  in... 


27.5  per  cent,  of  cases 

33  per  cent,  of  cases 

58  per  cent,  of  eases 

51  per  cent,  of  cases 

60  per  cent,  of  cases 

61  per  cent,  of  cases 

62  per  cent,  of  cases 

63  per  cent,  of  cases 

64  per  cent,  of  cases 

65  per  cent,  of  cases 

66  per  cent,  of  cases 
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Boy  noted  inequality  in 

Regis  noted  inequality  in ' . _ 

Dontrebente  iioted  inequality  in 

Vincent  noted  inequality  in 

Mignot  noted  inequality  in 

Coloian  noted  inequality  in 

Dawson  noted  inequality  in 

Koinfeld  and  Bikele  noted  inequality  in 

Gudelen  noted  inequality  in 

Raoheinan  noted  inecjuality  in 

Gudden  noted  inequality  in 

iWallenberg  noted  inequality  in . 

Hillenberg  noted  inequality  in 

A.  Westphal  noted  inequality  in 

Joffroy  noted  inequality  in 


66  per  cent,  of  cases 
66  per  cent,  of  cases 
77  per  cent,  of  cases 
80  per  cent,  of  cases 
64  per  cent,  of  eases 
100  per  cent,  of  cases 

92.3  per  cent,  of  cases 
70  j)er  cent,  of  cases 
57.5  j)er  cent,  of  eases 
60  per  cent,  of  cases 
57.5  per  eejit.  of  cases 
53  per  cent,  of  eases 
45  per  cent,  of  cases 
45  per  cent,  of  cases 

63.4  per  cent,  of  cases 


Inequality  aud  deformity  of  the  pupiis  are  a.s  above  stated  among 
the  earliest  signs  of  paresis.  ’ ® 

Within  the  past  three  years  the  writer  has  discovered  three  cases 
which  subsequently  developed  pronounced  paresis  and  ail  three  have 
led  fiom  the  disease.  The  characteristic  ocular  findings  were  asvin 
metrical  and  deformed  pupils,  sluggish  to  light  and  sluggish  to  cmi- 

ireaeron’h‘‘“Tr"°‘^‘‘‘‘™’  of  tlm  optic  nerves. 

* ' '*''0  ®0"*0  miosis  expressed  more  markedly  in 

mio  eye.  Aberrant  behavior  of  the  patient  which  was  noticed  by 
the  family  fi.xed  the  diagnosis  in  these  three  eases.  The  diamiosis 

Zses™V'’‘'‘'*'r'l^'°’*  ai'^psy- 

pa  s n ArZl  very  indicative  of 

paies  s If  Aigyll-Robertson  pupils  are  present  they  do  not  remain 

SO,  while  in  tabes  the  Argyll-Robertson  pupils,  if  prZnt  are  Zn 

slant  from  first  to  last.  The  consensual  reaction  of  the ’pupils  Ls 

lighrrelctir'"'"'’  ■"  f-v  diveot 

Extraocular  palsies  are  very  rare  in  paresis.  In  hysteria  and 

Sree°Zf  ‘the  sZZ  “>  “ “"vked 

degree , f the  skin  of  the  neck  be  pinched  or  pricked  the  pupil  di- 

ktes  m hysteria,  whereas  in  paresis  it  is  slightly  affected  if  at  all 

ippus  and  paradoxical  pupils  are  rarely  if  ever  present  in  paresis 

hut  in  hysteria,  functional  insanity,  etc.,  they  are  often  observed 

niesis,  hmpKnt.  The  writer  has  observed  anisocoria  with  unc 

q lal  response  to  light  long  before  paresis  was  suspected  by  the 

. fei.ding  physician,  and  hefdre  any  real  defection  from  the  normal 

01  esthetic  code  was  noted.  The  pupils  may  be  equal  in  size  and 
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one  may  react  normally  to  light  while  the  other  reacts  sluggishly. 
This  finding  in  the  presence  of  other  symptoms  is  strongly  sugges- 
tive of  incipient  paresis. 

Unequal  consensual  reaction  is  almost  the  invariable  rule  in  early 
paresis.  In  a well  established  case  neither  pupil  responds  normally 
to  light,  both  are  sluggish,  sometimes  the  more  contracted  pupil  is 
responsive,  the  other  being  fixed.  Small,  sluggish  pupils  with  other 
symptoms  are  also  of  much  value  in  the  early  diagnosis.  Dercum 
states  “distinct  miosis  is  a symptom  of  unquestioned  value.”  It 
must  always  be  borne  in  mind,  however,  that  the  size  and  behavior 
of  the  pupils  alone  cannot  be  relied  on  in  making  a positive  diagnosis 
of  any  disease,  and  in  no  other  disease  is  this  truer  than  in  paresis. 

In  paresis  the  pupils  are  often  not  constant;  they  may  change  in 
a comparatively  short  time.  A fixed,  contracted  pupil  at  one  test 
may  be  less  contracted  and  show  some  reaction  to  light  at  another 
test. 

The  circular  contour  of  the  pupil  often  presents  variations  in 
paresis.  A faceted  contour  may  be  noticed  in  many  cases  on  close 
observation.  Dawson  noted  irregularity  in  outline  of  the  pupil  in 
94.8  per  cent,  of  cases.  Jotfroy  in  over  one  hundred  cases  observed 
deformity  of  the  pupil  in  75.2  per  cent. 

Impaired  reaction  to  light  has  been  studied  in  series  of  cases  by 
eighteen  different  observers  (see  Posey  and  Spiller,  p.  483)  and 
found  to  be  present  in  from  26  per  cent,  to  90  per  cent,  of  cases. 
The  light  refiex  was  entirely  abolished  on  both  sides  in  the  larger 
percentage  of  these  cases,  and  on  one  side  only  in  the  smaller  per- 
centage. A most  exhaustive  analysis  of  the  behavior  of  the  pupils 
in  paresis  was  made  from  a large  series  of  observations  by  M.  de 
Montzel  and  abstracted  in  full  by  Dercum  (Posey  and  Spiller,  p. 
483)  ; the  reader  is  referred  to  this  interesting  and  valuable  contri- 
bution on  the  subject.  From  M.  de  Montzel ’s  studies  the  following 
conclusions  were  drawn : 

(1)  The  light  reflex  was  more  frequently  abnormal  than  nor- 
mal. , j , ; I 

(2)  Exaggerated  reflex  was  exceptional. 

(3)  There  was  only  a slight  difference  in  the  frequency  of  oc- 
curence of  the  diminished  and  the  lost  reflex. 

(4)  The  changes  in  reflex  were  identical  on  both  sides;  only  ex- 
ceptionally was  the  reflex  lost  on  one  side  and  normal  on  the  other. 

(5)  In  the  early  stage  the  normal  reflex  was  more  frequent  than 
the  abnormal,  while  in  the  later  stages  abnormal  reflex  was  the  rule. 

(6)  Exaggerated  and  unecjual  changes  on  the  two  sides  were  al- 
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ways  present  in  the  initial  stages  of  the  disease ; the  fretpiency  of 
this  was  proportionate  to  the  progress  of  the  disease. 

(7)  T. he  reflex  was  abnormal  in  one-foui'th  of  the  remissions. 

(8)  Exaggeration  was  only  seen  in  the  expansive  and  mixed 
forms. 

(9)  An  abnormal  reflex  was  always  noted  in  the  traumatic  cases. 

(10)  In  all  cases  abnormal  reflex  was  more  frecpient  than  normal. 

In  series  of  cases  studied  by  various  observers  the  percentage  of 

miosis  in  this  disease  varied  from  7.2  per  cent.  (Kaes)  to  88  per  cent. 
(Vincent)  and  39  per  cent.  (Marie).  The  miosis  noted  is  slightly 
different  from  that  seen  in  tabes,  in  that  on  loupe  observation  slight 
reaction  to  light  is  often  present;  moreover,  the  miosis  is  noted  to  be 
unequal  in  the  two  eyes,  a fact  not  often  observed  in  tabes. 

Among  twenty-four  cases  examined  by  Cooke  (OpJithalm-ology, 
October,  1916,  Vol.  XIII,  No.  1)  it  was  found  that  the  pupils  did  not 
react  to  light  among  12.5  per  cent.  While  among  twenty-eight  cases 
of  dementia  praecox  the  pupils  did  not  react  to  light  in  30  per  cent, 
and  among  fourteen  cases  of  maniac  depressive  insanity  the  pupils 
did  not  react  to  the  light  in  15  per  cent. 

There  is  not  much  diagnostic  signiflcance  therefore,  in  the  pupil- 
lary behavior  among  these  three  diseases.  As  stated  above,  the  most 
valuable  and  constant  pupillary  sign  of  paresis  is  impaired  consensual 
reaction  with  anisocoria. 

Slight  dilatation  of  the  pupil  along  with  deformity  of  its  outline 
especially  noted  in  one  eye  has  been  observed  in  series  of  cases  of 
paresis  in  percentages  varying  from  3.6  per  cent.  (Kaes)  to  44  per 
cent.  (Marie).  Mydriasis  is  not  so  frequently  manifested  as  miosis 
and  when  present  is  apt  to  pass  away  and  lapse  into  the  normal  sized, 
sluggish  or  fixed  pupil,  or  indeed  pass  over  into  miosis.  Mydriasis  in 
degenerative  brain  lesions  is  more  often  indicative  of  .syphilis,  ophthal- 
moplegia interna,  gross  brain  lesions  and  insanities  than  in  paresis. 
In  eases  of  juvenile  paresis  dilated  irregular  and  sluggish  pupils  are 
the  rule ; this  is  in  sharp  contrast  with  what  we  find  among  adult  or 
senile  cases. 

In  paresis  the  pupil  reacts  to  the  effort  of  convergence  and  accom- 
modation long  after  the  light  reflex  is  lost.  In  this  regard  the  reac- 
tion is  similar  to  that  in  ta'l>es.  In  tabes  the  pupils  almost  invariably 
react  to  cojivergence  ami  accommodation  no  matter  how  pronounced 
tlie  miosis  is,  while  in  well  established  paresis  the  pupils  in  a large 
peT'centage  of  cases  do  not  rcsi^ond  to  accommodation  effort;  de  Mont- 
zcl  found  the  pupils  abnormal  to  this  test  in  from  36.7  per  cent,  in 
early  eases  of  paresis  to  83.2  per  cent,  in  advanced  cases  and  in  the 
depressive  forms  in  100  per  cent,  of  cases. 
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Patholofftj  (General)  of  the  pupil.  L.  Bach.  {Zeitseh.  f.  Augenh., 
Vol.  XVIII  No.  6)  states  that  the  pathology  of  the  pupil  has  not  been 
accorded  the  interest  that  it  deserves.  The  theme  divides  itself  into 
three  main  divisions : 

I.  The  pathology  of  the  pathways  for  contraction  to  light. 

II.  The  pathology"  of  the  pathways  for  pupillary  dilatation. 

III.  The  pathology  of  reflex  immobility. 

/.  Pathology  of  the  light -contract ion  paths. 

Beginning  with  the  centripetal  portion  of  the  pupillary  light  reflex 
arc  we  note:  (a)  that  in  unilateral  destruction  of  the  retina  or  optic 
nerve  the  direct  pupillary  reaction  to  light  in  the  affected  eye  is  absent 
though  the  consensual  reaction  remains.  The  pupil  of  the  blind 
eye  is  wider  than  that  of  its  fellow;  the  convergence  reaction  is  re- 
tained as  well  as  the  reaction  to  sensory  and  psychic  stimuli. 

(b)  In  bilateral  destruction  of  the  retina  and  optic  nerve  the  di- 
rect and  indirect  light  reactions  are  absent  from  both  eyes  and  the 
pupils  are  enlarged.  The  convergence  reaction,  though  often  slight, 
is  present.  In  variations  from  this  behavior,  if  simultaneous  lesions 
of  the  centrifugal  channels  can  be  excluded,  we  must  think  of  an 
elective  affection  of  the  pupillary  flbers  of  the  optic  nerve. 

Bach  thinks  that  the  nomenclature  of  complete  inaction  of  the  pu- 
pil given  by  Haddeus,  viz.,  “reflex  deafness”  (reflex  taubheit)  is  not 
adapted  for  teaching  purposes  and  he  suggests  the  use  of  the  term 
“amaurotic  immobility”  or  “pupillary  inaction  in  peripheral  amau- 
rosis. ’ ’ 

Another  disturbance  of  the  pupillary  reaction  occurring  in  disease 
of  the  centripetal  fibers  for  the  light  reflex,  namely,  hemianopic  pupil- 
lary inaction,  the  existence  of  which  seemed  fairly  established  by 
numerous  studies  in  the  last  two  decades,  is  again  rendered  uncer- 
tain by  the  recent  studies  of  C.  Hess.  (See  Wernicke’s  test.) 

While  normally  both  pupils  react  to  light  when  either  half  of  the 
retina  is  illuminated,  in  certain  pathological  conditions  the  illumina- 
tion of  a non-seeing  retinal-half  is  followed  by  absent  or  nearly  absent 
reaction  of  both  pupils.  Generally  hemianopsia  is  bilateral,  rarely 
unilateral.  The  convergence  reaction  as  well  as  the  reaction  to  psy- 
chical and  sen.sory  stimuli  remain  normal.  In  spite  of  the  complete 
loss  of  the  i-cflex  irritability  of  oiie-balf  the  retina  the  ordinary  ex- 
amination of  the  i)nf)illaiy  reaction  discloses  only  a diminution  and 
not  abolition  of  the  light  reflex  on  account  of  the  diffusion  of  the  light 
within  the  vitreous  chamber  thereby  stimulating  the  seeing  half  of 
the  retina. 
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The  cause  of  heraianopic  pupillary  inaction  may  be:  (1) 
Changes  in  the  eye  itself  which  cause  abolition  of  this  function 
in  one-half  of  the  retina.  (2)  Unilateral  lesion  of  the  optic  nerve. 
(3)  Alfection  of  the  chiasm.  (4)  Alfections  of  one  optic  tract. 
(5)  Disturbance  of  the  anterior  arm  of  the  quadrigeminum,  or  in 
the  area  between  the  oculomotor  nucleus  and  the  quadrigeminum. 

If  the  lesion  affects  one  optic  tract  at  any  part  where  the  pupillary 
and  optic  nerve  fibers  are  still  united,  hemianopic  pupillary  inaction 
and  hemianopsia  are  both  present.  Immediately  anterior  to  the  cor- 
pus geniculatum  there  is  separation  of  these  fibers,  consequently 
hemianopsia  may  occur  without  pupillary  inactivity  if  the  lesion  is 
beyond  the  point  of  separation  of  these  fibers. 

Absolute  (total,  complete,  universal)  pupillary  inaction.  There 
may  be  complete  lack  of  pupillary  response  from  a lesion  in  the  cen- 
trifugal paths,  namely,  in  the  oculomotor  nucleus  and  peripherally 
therefrom.  We  usually  term  this  absolute  pupillary  inaction.  In 
absolute  inaction  the  contractions  of  the  pupil  to  direct  and  indirect 
light,  and  also  to  convergence,  and  the  dilatation  of  the  pupil  to  sen- 
sory and  psychic  stimuli,  are  absent.  Absolute  pupillary  inaction 
is  generally  accompanied  by  palsy  of  the  sphincter  of  the  iris  and 
possibly  by  a spastic  mydriasis  due  to  irritation  of  the  sympathetic. 
Palsy  of  the  sphincter  of  the  pupil  may  be  isolated  or  associated 
with  palsies  of  other  ocular  muscles,  especially  the  muscle  of  ac- 
commodation. All  possible  variations  may  be  seen.  The  lesion  caus- 
ing absolute  pupillary  inaction  may  be  located  an3rwhere  along  the 
centrifugal  fibers  from  the  nucleus  to  the  sphincter  iridis  muscle. 
Likewise  a disturbance  of  the  cerebral  cortex  may  affect  the  conduction 
power  of  the  oculomotorius. 

In  the  differentiation  between  palsy  due  (a)  to  lesions  of  the  cil- 
iary ganglion  and  short  ciliary  nerves,  or  (b)  lesions  posterior  to  the 
ciliary  ganglion,  the  use  of  eserin  is  recommended  on  account  of  its 
known  stimulation  to  the  end  organs  of  the  short  ciliary  nerves.  In 
the  former  case  its  action  is  negative  while  in  the  latter  it  is  positive. 
This  statement  is  not  fully  accepted  and  requires  further  systematic 
study. 

Absolute  pupillary  inaction  caused  by  palsy  of  the  sphincter  may 
be  due  to  various  diseases,  principally  infections,  intoxications  and 
traumatisms ; it  may  also  be  hereditary.  Recent  investigations  have 
revealed  its  presence  in  hysteria,  epilepsy  and  in  certain  maniacal 
conditions.  Pupillary  inaction  may  also  be  due  to  local  causes  such 
as  high  intraocular  tension  and  synechiae  between  the  iris  and  lens. 
Neurotonic  and  myotonic  reaction  (Saenger).  Neurotonic  reac- 
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tioii  differs  from  the  typical  behavior  of  the  pupil  seen  in  disturb- 
ances of  the  centrifugal  or  centripetal  pupillary  pathways.  Its  char- 
acteristic is  an  abnormal  continuation  of  the  state  of  pupillary  con- 
traction or  dilatation.  The  change  between  these  two  states  may 
occur  normally  or  lialtingly.  This  reaction  is  usually  accompanied 
by  other  symptoms  of  organic  lesions.  Generally  in  the  neurotonic  re- 
action there  is  a lesion  of  the  centripetal,  and  in  the  myotonic  a lesion 
of  the  centrifugal  reflex  tract.  The  reaction  takes  place  only  after 
prolonged  action  of  the  light  or  convergence  impulse.  Both  disturb- 
ances require  further  study,  (For  discussion  of  myotonic  pupillary 
reaction  see  elsewhere  in  this  section  under  Myoto'tiic.) 

II.  Pathology  of  the  pupillary  dilatation  centers  and  tracts. 

Pupillary  dilatation  was,  until  recently,  thought  to  be  practically 
entirely  due  to  the  influence  of  the  fibers  of  the  sympathetic.  Re- 
cently it  is  considered  more  probable  that  pupillary  dilatation  is  more 
especially  due  to  inhibition  of  the  oculomotor  nerve  supplying  the 
sphincter.  Pupillary  dilatation  may  therefore  be  due  to:  (1) 
Stimulation  of  the  cervical  sympathetic  (active  dilatation),  and 
(2)  Pathology  of  the  centers  or  tracts  in  connection  with  the  oculo- 
motor nerve  supplying  the  sphincter  (passive  dilatation). 

(1)  Active  pupillary  dilatation.  A maximum  dilatation  of  the 
pupil  will  follow  strong  irritation  of  the  sympathetic  even  when  the 
eye  is  exposed  to  strong  light.  Spastic  mydriasis,  as  it  is  called,  is 
very  rarely  found  but  the  opposite  condition,  viz.,  the  so-called  Hor- 
nier symptom-complex  noticed  in  complete  paralysis  of  the  sympa- 
thetic is  rather  common.  This  latter  comprises  miosis,  ptosis,  en- 
ophthalmos  and  lowering  of  intraocular  tension.  These  symptoms  are 
not  always  present  in  the  same  degree  and  occasionally  some  are  ab- 
sent. The  reaction  of  the  pupil  to  light  and  convergence  in  miosis 
caused  by  paralysis  of  the  sympathetic  is  still  present  and  prompt,  its 
excursion  being  narrower.  Exact  studies  of  the  quantitative  and  qual- 
itative relations  of  this  reaction  are  important.  The  Horner  symp- 
tom-complex has  frequently  been  produced  experimentally  in  ani- 
mals, and  recently  as  a therapeutic  measure  in  man,  by  removal  of 
the  superior  cervical  sympathetic  ganglion  or  by  the  cutting  of  the 
fibers  of  the  sympathetic  in  the  neck.  It  is  noteworthy  that  these 
phenomena  occurring  immediately  after  the  operation  are,  as  a rule, 
of  short  duration.  Soon  after  the  operation  the  pupil  becomes  wider 
again  and  is  especially  wide  under  the  influence  of  narcosis,  pain, 
fear,  convulsions  and  asphyxia.  These  facts  are  of  great  interest  and 
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value  as  constituting  contra-indications  for  tlie  removal  of  the  supe- 
rior cervical  ganglion  for  the  relief  of  glaucoma  in  man.  The  dilata- 
tion of  the  pupil  occurring  after  sympathectomy  is  explained  by  “au-  ' 

tomaty.”  We  understand  by  this  term  the  ability  of  the  smooth  iris  i 

muscle  to  become  active  under  the  influence  of  the  circulation.  The  ^ 

stimulation  of  the  blood  acts  peripherally  on  the  muscle  itself.  This  ’ 

stimulation  is  occasioned  by  the  degeneration  of  the  nervous  elements  i 

of  the  cervical  sympathetic  resulting  from  the  operation.  It  does  not  \ 

begin  immediately  after  section  of  the  sympathetic  but  manifests  it-  \ 

self  about  twenty-four  hours  later. 

(2)  Passive  pupillary  dilatation:  Passive  pupillary  dilatation  is 
characterized  by  the  absence  of  pupillary  dilatation  to  sensory  and 
psychic  stimuli.  There  is  absolute  immobility  to  all  reflex  tests.  The 
underlying  causes  differ  widely. 

In  passive  pupillary  dilatation  the  pupillary  sphincter  is  palsied  ' 

and  while  the  pupil  is  not  ad  maximum,  wider  dilatation  is  impos-  j 

sible.  Psychic  and  sensory  stimuli  have  no  effect  on  the  pupil.  The  j 

seat  of  the  disturbance  is  either  in  the  muscle  itself  or  in  direct  con- 
nection  with  its  nerve  tracts  and  centers.  From  this  it  would  ap-  ^ 

pear  that  lack  of  response  in  passive  pupillary  dilatation  is  always 
due  to  palsy  of  the  sphincter  pupill®.  Experimental  studies  in  ani-  j 

mals  do  not  altogether  harmonize  with  the  clinical  observations  iu  [ 

man.  Some  observers  state  that  pa.ssive  pupillary  dilatation  is  im-  j 

possible  after  section  of  the  oculomotor  nerve,  while  others  state 
that  in  addition  to  section  of  the  short  ciliary  nerves  or  removal  of 
the  ciliary  ganglion  (equivalent  to  oculomotor  section)  severance  of 
the  cervical  sympathetic  nerve  is  required  before  this  result  is  ob- 
tained.  This  apparent  contradiction  can  be  explained  by  a differ- 
ence in  procedure  and  the  interval  of  observation  after  the  perform- 
ance of  the  operation.  Immediately  after  cessation  of  the  sphinc- 
ter innervation  there  is  a cramp  of  the  dilator  which  is  soon  grad- 
ually lost. 

By  exact  clinical  study  of  absolute  immobility  in  its  various 
stages  and  by  further  study  of  experimental  results,  this  apparent 
contradiction  will  be  explained.  The  question  will  then  be  definitely 
answered  as  to  whether  passive  pupillary  dilatation  is  complete  through 
sphincter  palsy  or  if  dilator  palsy  is  also  required. 

Aside  from  the  above  described  form  of  absolute  inaction  we  may 
observe  a failure  of  passive  pupillary  dilatation  in  the  so-called  re- 
flex pupillary  immobility.  In  this  type  of  pupillary  phenomenon 
the  cause  of  the  disturbance  is  not  in  the  muscle  nor  in  the  directly 
connected  nerve  centers  or  tracts,  for  the  lesion  is  beyond  the  nucleus 
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of  the  oculoinotor  nerve.  Experimental  study  lias  tanglit  us  that  a les- 
sening of  ocnloinotor  tone  follows  withdrawal  of  sensory  and  psychic 
stimuli.  Perhaiis  the  medulla  oblongata  plays  a part.  It  may 
therefore  be  inferred  that  the  failure  of  passive  pupillary  dilatation 
in  reflex  immobility  may  be  due  to  damage  of  the  cerebrum  or  tracts 
leading  to  or  from  the  same.  The  failure  of  passive  pupillary  dila- 
tation has  led  us  to  an  interesting  and  diagnostically  important  pupil 
anomaly,  viz.,  reflex  pupillarj'  inaction. 

III.  Pathology  of  reflex  pupillary  immobility. 

In  typical  cases  of  reflex  iridoplegia  the  direct  and  indirect  light 
reactions,  as  well  as  the  dilatation  of  the  pupil  by  sensory  and  psychic 
stimuli,  are  absent  while  the  convergence  reaction  remains  normal 
and  may  in  fact  be  increased  and  more  promptly  so  on  account  of  the 
failure  of  reflex  dilatation.  Miosis  is  usually  present.  (Argyll-Rob- 
ertson  phenomenon.)  Reflex  inaction  is  nearly  always  produced  grad- 
ually over  a period  of  months,  even  years. 

Variations  of  the  clinical  phenomena ; Many  variations  of  the 
clinical  picture  occur.  They  are  caused  by  the  fact  that  the  manifes- 
tations are  not  always  the  same  on  both  sides.  For  a long  time  they 
may  be  unilateral  and,  furthermore,  owing  to  the  fact  that  the  com- 
ponent factors  forming  reflex  immobility  namely,  disturbance  of  the 
light  reaction  on  the  one  hand  and  absence  of  reflex  dilatation  on  the 
other,  they  are  neither  equally  affected  in  the  same  degree  nor  at  the 
same  time. 

% 

Pupillaiw  inecprality.  Frequently  this  condition  is  observed  in 
reflex  immobility;  it  occurs  in  about  50  per  cent,  of  cases.  It  is 
explained,  aside  from  other  pupillary  disturbances,  by  unequally 
advancing  stages  of  the  disturbing  process. 

Changes  in  pupillary  width.  The  pupillary  widths  may  vary  on 
different  days.  The  changes  are  usually  small,  according  to  Bach’s 
experience  they  are  only  observed  in  cases  where  reflex  immobility  is 
in  the  proce.ss  of  formation.  Many  reports  in  literature  concerning 
changes  in  pupillary  width  in  reflex  inaction  are  doubtlessly  ex- 
plained by  the  observers  not  adhering  to  similar  methods  of  obser- 
vation. 

Intermittent  reflex  immobility.  The  same  failure  of  careful  study 
may  explain  the  so-called  intermittent  reflex  immobility.  Slight  varia- 
tions to  light  reaction  have  been  observed  by  Bach  but,  he  states,  typi- 
cal cases  of  intermittent  immobility,  never. 

Change  in  .shape  of  the  pu])il.  A very  common  though  not  char- 
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actenstie  phenomenon  in  reflex  immobility  is  lack  of  rotundity  of 
the  pupil.  The  cause  of  deformed  pupils  cannot  be  explained  with 
certainty  for  all  the  theories  that  have  been  oft'ered  have  important 
objections.  (See  Defoi'med  pupils  in  this  section.)  Perhaps  the 

systematic  use  of  mydriatics  and  miotics  will  assist  in  affordino-  an 
explanation.  “ 

The  lid  closure  reaction.  By  this  term  we  understand  a contrac- 
tion of  the  pupil  synchronous  with  the  closure  of  the  lids.  This 
will  be  particular!}^  observed  in  reflex  immobility  for  the  disturb- 
ing influence  of  the  light  reaction  is  then  absent.  A certain  diag- 
nostic importance  is  attached  to  the  fact  that  this  reaction  is  some- 
times exceedingly  prompt  and  extensive  in  reflex  immobility.  An 
Ignorance  of  this  fact  not  infrequently  leads  to  a false  diagnosis,— 
paradoxical  pupil  reaction  for  instance. 

The  causation  of  miosis.  In  the  clinical  picture  of  reflex  immo- 
bility miosis  IS  found.  One  would  naturally  imagine  that  pupil- 
ary dilatation  instead  of  contraction  would  be  present  because  of 
the  absence  of  the  light  reaction.  Various  hypotheses  to  explain 
this  miosis  have  been  advanced.  Bach  thinks  the  theory  advanced 
by  Erb  has  most  merit,  namely,  that  it  is  due  to  withdrawal  of  sen- 
sory and  psychic  stimuli.  Further  studies  in  cases  of  reflex  immo- 
bility that  are  in  process  of  formation  are  needed.  Bach  observes 
that  the  miosis  is  similar  to  that  seen  in  sleep  or  after  the  admin- 
istration of  narcotics. 

The  causation  of  direct  and  indirect  loss  of  light  reflex.  The  ma- 
jority of  authors  believe  that  this  is  due  to  destruction  of  the  fibers 
leading  from  the  optic  tract  to  the  nucleus  of  the  oculomotor  nerve 
This  locahzation  does  not  explain  the  clinical  symptoms  of  the  re- 
flex immobility.  Bach  believes  that  neither  a lesion  of  the  corpus 
quadrigemmum  of  the  Edinger-Westphal  nucleus  nor  of  the  oculo- 
motor nucleus  is  a causative  factor.  One  could  presume  an  elective 
disease  of  the  fibers  in  the  centrifugal  arm  of  the  light  reflex  are 
but  this  would  leave  the  miosis  found  in  reflex  immobility  without 
explanation.  Bach  believes  that  there  is  an  inhibitory  center  for 

ight  contraction  and  reflex  pupillary  widening  situated  in  the  me- 
dulla oblongata. 

Differential  diagnosis  between  reflex  and  absolute  pupillary  in- 
action. Many  authors  consider  the  absolute  inaction  an  advanced 
stadium  of  reflex  immobility  and  in  this  conception  the  absolute 

immobility  of  progressive  paralysis  and  tabes  palsy  is  called  total 
reflex  immobility. 
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In  most  cases  it  is  impossible  to  state  that  absolute  immobility  has 
followed  reflex  immobility  for  in  any  case  a similar  cause  and  local- 
ization cannot  be  proven.  Until  this  can  be  demonstrated  Bach 
believes  that  these  conditions  should  be  differentiated.  The  typi- 
cal picture  of  reflex  immobility  may  remain  unaltered  for  years. 
It  is  not  the  rule  that  absolute  inaction  will  follow  eventually. 

Occasionally  the  differential  diagnosis  between  reflex  and  abso- 
lute immobility  is  rendered  difficult  because  the  pupillary  anoma- 
lies are  not  fully  developed,  or  they  are  in  a state  of  retrogression. 
Particularly  common  is  the  mistake  of  assuming  a regression  stage 
of  absolute  immobility  to  reflex  immobility.  It  is  possible,  for  in- 
stance, in  regressive  absolute  immobility,  to  have  a stadium  in  which 
the  light  will  not  contract  the  pupil  but  in  which  the  stronger  act- 
ing convergence  impulse  will  cause  contraction ; this  contraction  is 
rather  slight  whereas  the  contraction  with  convergence  in  true  reflex 
immobility  is  very  prompt  and  of  greater  extent.  (See  Rigidity  in 
this  section.) 

Paradoxical  light  reaction.  By  this  we  understand  a pupillary 
dilatation  upon  exposure  to  light  or  a contraction  in  shadow.  Bach 
believes  that  in  the  majority  of  cases  a false  diagnosis  has  been  made 
because  of  insufficient  knowledge  of  pupillary  phenomena  and  in- 
complete examinations. 

Changing  pupils.  This  rather  rare  affection  is  divided  clinically 
and  genetically  into  three  groups.  In  the  first  group  belong  those 
cases  in  which  one  pupil  changes  its  diameter  varying  from  a greater 
width  to  a less-than-normal  without  the  action  of  light  or  conver- 
gence. These  changes  occur  at  regular  intervals  of  about  one  min- 
ute andj  last  a certain  time.  This  clinical  picture  is  seen  in  eyes 
which  have  congenital  oculomotor  palsy,  or  in  those  developing  the 
same  in  early  childliood.  There  are  certain  connections  between 
this  disease  and  the  post-hemiplegic  form  of  hemiathetosis. 

In  the  second  group'  one  pupil,  and  that  the  normal  one,  only 
changes  in  diameter  in  accordance  with  the  circumstances  of  the 
examination  while  the  pathologic  pupil  remains  stationary.  The 
unequal  pupillary  width  depends  upon  unilateral  sphincter  palsy. 

In  the  third  group  the  relative  size  of  the  pupils  is  changed  at 
various  times.  As  there  is  usually  an  evidently  greater  width  of 
one  pupil  or  the  other,  the  term  “changing  mydriasis”  is  usually 
applied.  The  early  observations  of  this  change  were  noted  in  tabes 
and  progressive  palsy  and  were  thought  to  indicate  a serious  prog- 
no.sis.  Recent  observers  have  also  noted  this  condition  in  functional 
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neuroses  and  in  ap])arentl.y  healtliy  individuals,  which  would  indi- 
cate its  hanidessness. 

Hippus  iridis.  Physiologically  the  width  of  the  i)upil  oscillates 
more  or  less.  Bach  agrees  with  Caupp  in  the  following  definition : 
IIippus  iridis  consists  of  rhythmic  contractions  and  dilatations  of 
the  pupil,  changing  every  one  to  three  seconds  and  occurring  inde- 
pendently of  light,  convergence,  psychic  or  sensory  stimuli.  The 
excursions  are  usually  of  the  same  degree  varying  as  a rule  from 
two  to  three  mm.  IIippus  is  usually  bilateral,  very  rarely  uni- 
lateral. It  IS  seen  in  many  varieties  of  diseases  of  the  cerebrospinal 
s^’stem,  and  so  far  as  we  know  has  no  pathognomonic  significance. 
Its  etiology  is  obscure. 

^ Bach  further  states  {Oph.  Review,  March,  1909)  that  the  classi- 
fication and  nomenclature  of  pupillary  disturbances  is  a subject 
with  which  all  standard  text-books  on  ophthalmology  deal.  Inter- 
ference with  the  normal  action  of  the  sphincter,  apart  from  intra- 
ocular conditions,  such  as  iritis,  is  either  of  centripetal,  centrifugal 
or  of  reflex  origin.  Since,  however,  the  degree  of  inactivity  is  by 
no  means  dependent  necessarily  on  the  degree  of  amaurosis  it  would 
seem  better  to  call  these  cases  simply  “centripetal”  or  “afferent.” 
On  the  other  hand  cases  of  inacvitiy  due  to  paralysis  of  the  third 
nerve  or  to  affection  of  the  motor  nuclei  are  called  by  Bach  “abso- 
lute,” since  they  involve  the  convergence  as  well  as  the  light  reac- 
tion. Inasmuch  as  the  paralysis  due  to  this  cause  may  be  only  par- 
tial, however,  it  would  serve  better  to  call  the.se  cases  “centrifuo-al  ” 
or  “efferent.” 

The  term  “reflex  inactivity”  .should  be  re.strieted  to  cases  show- 
ing the  Argyll-Pobertson  pupil;  in  these  eases  the  central  mechan- 
ism is  defective  but  lioth  afferent  and  efferent  paths  are  intact.  In- 
terferences with  the  dilating  mechanism  may  be  similarly  ela.ssified. 
h irst,  there  may  he  an  ab.senee  of  afferent  impulses  from  all  over 
the  body  and  the  pupil  becomes  contracted  as  in  physiological  sleep. 
Second,  the  .sympathetic  may  be  paralyzed  and  the  pupil  of  the  af- 
fected side  becomes  relatively  small  owing  to  paralysis  of  its  dila- 
tor muscle.  Third,  there  are  the  cases 'quite  analogous  to  those  of 
Argyll-Robertson  pupil  where,  though  the  senses  are  awake,  the  in- 
hibitory apparatus  that  normally  prevents  the  third  nerve  from 
fully  contracting  the  pupil  in  waking  hours  is  ineffective  or,  ac- 
cording to  the  other  view,  the  reflex  mechanism  by  which  the  fibers 
of  the  sympathetic  nerve  to  the  dilator  muscle  are  stimulated,  is  in- 
hibited. Spinal  miosis  is  an  example  and  it  is  an  interesting  fact 
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(to  which  Biimke  and  Ba(‘h  agree)  tliat  in  tabes  the  loss  of  the  light 
reflex  is  commonly  associated  with  the  loss  of  reaction  to  sensory 
and  psyehical  stimuli. 

The  subject  of  tabes  necessarily  occupies  an  important  place  in 
any  work  on  the  pupil.  Is  its  reflex  inactivity  confined  to  this  disease 
alone  or  does  it  occur  in  others?  Authorities  generally  ascribe  it  to 
one  of  three  causes,  viz.,  tabes,  general  paresis,  or  syphilis.  Inas- 
much as  the  first  two  disea.ses  are  as  a rule  post-syphilitic  and  as  the 
pupillary  symptom  may  remain  an  isolated  symptom  of  tabes  for 
many  years  it  is  not  improbable  that  all  cases  of  true  reflex  inac- 
tivity are  due  to  syphilis.  The  diagnosis  may  be  ditfioult  or  even 
impossible  in  cases  of  retrogressing  partial  centrifugal  inactivity 
for,  just  as  the  reaction  to  convergence  is  slower  to  disappear  under 
the  action  of  homatropin  than  the  reaction  to  light,  so  in  a case  of 
partial  paralysis  of  the  third  nerve  the  reaction  to  light  may  be  wholly 
lost  while  there  is  still  some  reaction  to  convergence.  In  tabes, 
however,  the  fact  that  the  loss  of  reflex  is  so  generally  binocular, 
the  miosis  which  is  commonly  present  and  the  loss  of  reaction  to 
sensory  stimuli,  constitute  the  available  diagnostic  points.  As  to 
the  anatomical  basis  of  these  symptoms  we  are  not  as  yet  sufficiently 
informed  although  much  speculation  is  rife.  The  results  of  post 
mortem  examinations  are  most  confusing.  The  third  nerve  nucleus, 
the  corpora  quadrigemina  and  the  roots  of  the  third  nerve  have  each 
been  said  to  be  involved,  but  each  of  these  structures  may  be  per- 
fectly normal.  There  is  considerable  evidence  to  show  that  degen- 
eration of  the  posterior  columns  of  the  cervical  cord  is-  constant  but 
there  is  also  consideralfle  evidence  that  it  is  not.  This,  however,  is 
the  region  to  which  Bach  himself  looks  for  an  explanation — not  as 
others  have  done,  via  the  sympathetic  but  by  diseases  of  conjectural 
“centres”  at  the  lower  end  of  the  medulla  oblongata  which  he  calls 
“inhibition”  centres  and  which  he  was  led  to  believe  exist  from  ob- 
servations made  by  experiments  on  cats.  Bach  first  supposes  that 
the  normal  action  of  sensory  stimuli  is  induced  by  inhibiting  the 
action  of  the  third  nerve  and  then  suggests  the  existence  of  two  new 
“centres,”  the  function  of  one  of  which  is  to  inhibit  the  inhibitory 
action  of  the  other. 

In  a final  section  on  the  clinical  examination  of  the  pupil  Bach 
recommends  that  as  a matter  of  routine,  quantitative  observations 
should  be  made  of  the  diameter  of  each  pupil:  (1)  in  dim  light,  (2) 
in  bright  light  with  both  eyes  open,  (3)  in  bright  light  with  the 
fellow  eye  shut  and  (4)  in  convergence;  the  comparison  being  made 
at  each  observation  with  a standard  scale. 
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Examples  illustrating  the  value  of  Bach’s  scheme  of  testing  the 
pupillary  reactions:  me 


Hlxample  I. 
Dull  light 


Right 


Bright  light. 

Both  eyes  open . . . 

Bright  light. 
Convergence 

Fellow  eye  shaded  . . . 

The  above  case  is  normal. 

Example  II. 

Dull  light  . . . 

Bright  light. 

Both  eyes  open 

Bright  light. 
Convergence 

Fellow  eye  shaded... 

5.5 


3.0 

2.5 


5.5 


Left 
mm. 
2.75  mm. 
3.0  mm. 
2.5  mm. 


Right 
6.0 
3.25 
6.0 
2.75-2.5 


Left 


5.5 
3.0 
3.0 

2.5 


mm. 

mm. 

mm. 

Imm. 


The  loss  of  direct  reaction  on  the  right  side  is  here  the  striking  fea 
tuie  pointing  to  amaurotic”  inactivity.  Slight  inequality  of  the  two 


•I  rt  - ^*7  • lutjm 

pupils  from  this  cause  is,  according  to  Bach,  common. 


Example  III. 
Dull  light  .. 
Bright  light. 
Bright  light. 
Convergence 


Right 

2.0 

Both  eyes  open 2 0 

Fellow  eye  shaded 20 

1.5-1.0 


Left 

4.75  mm. 

2.75  mm. 
3.0  mm. 
2.5  mm. 


P tie  light  side  only— reflex  inactivity  both  to  light  and  sen 
sory  impressions  ^ ® 


Example  IV. 

Dull  light 

Bright  light.  Both  eyes  open 4 5.4 


Bright  light 
Convergence 


Right 
5.5 
-.25 

Fellow  eye  shaded 4,5 

4.25-4.0 


Left 

5.5  mm. 
2.75  mm. 
3.0  mm. 
2.75  mm. 


right  siL'*  paralysis  of  the  centrifugal  path  on  the 

be\“dd''erin"sf'  “’r  must 

e added  in  some  cases,  but  for  clinical  examination  no  elaborate 

m hanism  is  needed  unless  it  be  for  the  hemiopic  reaction,  and  for 

this  an  apparatus  devised  by  Hess  is  recommended. 
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Pectinate  ligament,  The  pupil  in  rupture  of  the.  When  the  annular 
ligament  is  ruptured  or  torn  from  its  scleral  attachment,  which  is 
an  accident  more  common  than  is  recognized,  Buchanan  {Ophthal- 
moscope, Nov.,  1907)  declares  that  the  anterior  chamber  is  filled 
with  blood,  which,  after  absorption,  reveals  the  pupil  to  be  no  longer 
circular  and  of  uneven  depth,  and  usually  dilated  and  paralyzed. 

The  ciliary  body  is  driven  back  into  the  vitreous  chamber,  by  the 
blow  on  the  eyeball.  The  diagnosis  is  made  by  the  dilated  and  ir- 
regular pupil  with  a distorted  plane  of  the  iris.  The  ocular  ten- 
sion is  usually  lowered  due  to  escape  of  aqueous  through  the  rent 
leading  to  the  suprachoroidal  space,  and  detachment  of  the  choroid, 
usually  temporary,  should  be  suspected.  Rupture  of  the  choroid 
and  detachment  of  the  retina  should  be  looked  for.  (See  Retroflexion 
of  the  iris  in  this  section.) 

Perforation  of  the  cornea.  The  pupil  after.  After  a perforation 
of  a cornea  from  an  ulcer  or  a wound  the  iris  immediately  springs 
into  the  opening,  being  carried  there  by  the  gush  of  aqueous,  the 
sudden  lowering  of  the  tension  and  the  foi’ward  movement  of  the 
lens,  aided  by  a spasm  of  the  muscles  of  the  eyelids.  For  a while 
there  is  a fistulous  tract  established  which  tends  to  hold  the  soft  iris 
tissue  in  the  opening.  Plastic  inflammatory  material  soon  closes  the 
opening  sufficiently  to  permit  the  return  of  intraocular  pressure  and 
then  the  aqueous  chamber  is  reestablished. 

In  such  instances  the  pupil  is  always  distorted  and  displaced,  de- 
pending on  the  location  and  size  of  the  perforation,  and  as  a conse- 
quence the  plane  of  the  pupil  and  iris  may  be  wavy  or  oblique.  Ex- 
amination with  an  ordinary  condensing  lens  renders  the  diagnosis 
in  such  a case  very  easy.  Such  a pupil  proclaims  by  its  condition 
the  events  of  its  past  histoiy  which  caused  the  corectopia.  Some  of 
the  eyes  presenting  this  picture  (leucoma  adherans)  retain  very  good 
if  not  normal  vision  in  spite  of  the  distorted  pupil  aperture,  but  many 
are  blind  from  the  glaucoma  which  develops  secondarily. 

Percussion,  Exudation  in  pupil  from.  If  the  eye  of  a rabbit  be 
struck  by  the  fingers  repeatedly,  as  in  percussion,  the  pupil  will  con- 
tract and  soon  become  covered  with  exudation.  (Vol.  II,  p.  345, 
Roomer’s  text-book  on  Diseases  of  the  Eyes.) 

Persistent  pupillary  membrane.  In  the  normal  sequence  of  em- 
bryologic  events  that  part  of  the  anterior  vascular  sheath  of  the 
lens  in  embryo  which  occupies  the  pupil  area  disappears  a month 
or  two  before  parturition,  leaving  no  vestige.  In  some  instances  a 
fiber,  several  fibers,  a loop,  a fringe  or  some  anomalous  vestige  of  the 
pupillary  membrane  persists  and  is  seen  in  the  pupil  as  a congeni- 
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tal  abnormality,  visually  of  no  practical  significance  but  of  interest 
and  affording  a curious  exliibition  for  the  family  and  friends  who 
are  wont  to  ascribe  it  to  a fanciful  resemblance  to  some  object  in  the 
outside  world  to  which  their  imagination  conceives  a resemblance, 
and  its  occurrence  is  apt  to  be  ascribed  by  them  to  “maternal  im- 
pression” or  “mother  mark.”  With  this  usually  goes  a story  of  real 
or  fancied  incident  which  is  very  plausible  to  the  wonder-seeking 
populace  desiring  mystery  and  occultism  where  open  facts  would 
be  unwelcome  and  preferring  romance  to  facts.  Tlie  aberrant  tags, 
fibers,  or  in  some  instances  only  mere  pointed  elevations  from  near 
the  pupil  margin,  are  by  common  consent  called  “persistent  pupil- 
lary membranes.”  Franke  {ArcUv.  of  Oplith.,  XXX,  p.  4)  reported 
their  presence  in  32  out  of  3,508  persons,  or  0.9  per  cent,  as  follows : 
(a)  In  18,  mere  filaments,  (b)  In  14,  actual  membrane.  Among 
29  of  the  32  the  condition  was  present  in  one  eye  only.  In  3 it  was 

bilaterally  expressed.  These  figin-es  compare  similarly  with  those  of 
Stephenson. 

Stephenson  {Trans.  Ophth.  Soc.  of  U.  h\,  XIII,  p.  139)  reports 

68  cases  among  3,414  examined  or  1.7  per  cent,  with  the  conditions 
bilateral  in  13. 

The  various  forms  of  persistent  pupillary  membrane  are  classi- 
fied by  Collins  and  Mayou  {Pathology  and  Bacteriology  of  the  Eye, 
p.  76)  as  follows:  1.  Fibers  arising  from  the  smaller  circle  of  the 
iris  and  uniting  to  form  a membrane  at  the  center  of  the  pupil.  2. 
Fibers  arising  from  different  points  of  the  circumference  of  the 
smaller  circle  of  the  iris  and  stretching  across  the  pupil  to  form  a 
delicate  network  in  front  of  it.  3.  Fibers  running  taugently  be- 
tween two  points  in  the  smaller  circle  of  the  iris.  4.  All  the  toothed 
projections  of  the  smaller  circle  prolonged  inward  and  projecting 
beyond  the  pupillary  margin.  5.  One  or  more  fibers  attached  to 
the  smaller  circle  of  the  iris  floating  free  at  the  othei’  extremity  6 
A loop  formed  in  front  of  the  pupil.  7.  One  or  more  fibers  arising 
fiom  the  iris  attached  to  the  capsule  of  the  lens;  sometimes  spoken 
of  as  a capsulo-pupillary  membrane.  8.  One  or  more  fibers  aris- 
ing from  the  iris  attached  to  the  posterior  surface  of  the  cornea. 
(During  the  stage  when  the  budding  mesoderm  forms  the  iris  there 
is  no  aqueous  chamber,  the  cornea  being  in  contact  with  the  lens. 
When  aqueous  forms  a fiber  is  left  adherent  to  the  posterior  surface 
of  the  cornea  in  front  and  the  lens  capsule  behind.)  9.  A piece 
of  membrane,  pigmented  or  unpigmented  adherent  to  the  anterior 
capsule  of  the  lens  without  any  attachment  of  the  iris. 

When  any  of  these  persistent  membranous  filaments  are  present 
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we  may  find  evidences  on  the  part  of  other  intraocular  tissues  of 
congenital  anomalies,  e.  g.,  coloboma,  a notching  of  iris,  polycoria, 
discoria,  eorectopia,  .subluxatio-lentis,  forms  of  congenital  cataract, 
coloboma  of  choroid,  retina  or  optic  nerve  and  microphthalmus. 
Most  of  the  eases  seen  by  the  writer  have  presented  no  evidence  of 
congenital  anomaly  other  than  the  persistent  pupillary  membrane. 

deSchweinitz  and  Holloway  {Ophth.  Sec.,  Col.  of  Fhys.,  Phila., 
Dec.  19,  1912)  demonstrated  retained  pupillary  membrane,  which 
they  believe  resulted  from  iritis  in  utero.  The  patient  was  a boy 
sixteen  years  old  who  gave  no  history  of  an  inflammation  of  his  eye.' 
The  eye  was  fully  formed.  There  was  a pigmented  deposit  on  the 
anterior  capsule.  There  was  also  a stralid  or  filament  of  tissue  like 
that  seen  in  persistent  pupillary  membrane. 

Terrien  and  iMawas  (Arch,  d’ophtalmol.,  July,  1916)  report  a 
very  rare  case  of  congenital  pupillary  membrane  which  was  of  such 
dimensions  as  to  reduce  the  sight  to  between  1/10  and  1/15.  The 
condition  of  the  pupils  is  shown  in  the  accompanying  illustrations. 
These  membranes  which  were  not  adherent  to  the  anterior  capsule 
of  the  lens  but  which  obstructed  the  entire  pupillary  aperture  when 
the  pupil  was  in  a medium  state  of  contraction  were  attached  to  the 
lesser  circle  of  the  iris  by  a number  of  fine  strands  or  “guy  ropes”  as 
.shown.  In  the  right  eye  there  were  twenty  of  these  strands  of  in- 
sertion and  in  the  left  eye  fifteen.  During  contraction  of  the  pupil 
the  strands  became  relaxed  and  allowed  the  membrane  to  be  displaced 
forwards  toward  the  cornea  “much  as  a sail  might  be  bellied  for- 
ward to  the  wind.”  The  operation  for  removal  of  this  obstruction 
con-sisted  in  cutting  the  lower  strands  by  means  of  a narrow-blade 
Graefe  knife  which  had  been  entered  at  the  limbus  in  the  horizontal 
meridian.  As  soon  as  they  were  cut  the  membrane  retracted  upwards 
revealing  a beautiful  black  pupil. 

A wait  of  a half-hour  allowed  the  aqueous  to  reform  and  the  upper 
strands  were  cut  iii  a similar  manner.  Section  was  then  made  at 
the  original  puncture  and  the  membrane  was  grasped  and  removed 
by  the  aid  of  forceps.  The  vision,  which  at  first  .showed  no  improve- 
ment, became  normal  at  the  expiration  of  twenty-five  days.  It  was 
thought  the  gradual  improvement  of  vision  up  to  the  normal  occurred 
as  the  result  of  development  of  the  elements  of  the  macula  lutea. 

Fhljjctenular  keratitif.  The  ])romiueut  symptom  in  this  affectioa 
is  ])hotophobia.  'I'he  child  dreads  the  light  be<muse  of  the  sharp 
I)a'rj  induced.  What  causes  this  paiu?  It  is  manifest  that  the  jfidyc- 
tenulffi  disturb  the  sensory  nerve  endings  in  the  epithelium  of  the 
cornea  and  that  there  is  pain  when  the  child  opens  and  closes  his  eyes 


I 


10712 


PUPIL,  THE,  IN  HEALTH  AND  DISEASE 


even  m darkness,  but  this  pain  is  not  to  be  compared  with  that 
which  arises  when  the  eyeball  is  exposed  to  bright  light.  It  is  most 
likely  that  pain  associated  with  photophobia  is  due  to  sudden  cramp 
of  the  sphincter  iridis.  Cocain  drops  relieve  it  for  a time;  atropin 
rops  for  a longer  time.  This  fact  sustains  the  theory  that  the  pain 
in  phlyctenular  keratitis  is  from  cramp  of  the  sphincter  pupdlie 
ieftin  ) discussion  of  this  subject  see  Cramp  of  the  pupil  in  this 

The  pupils  in  phlyctenular  keratitis  and  conjunctivitis  are  verv 
much  contracted.  There  seems  to  be  a defensive  effort  on  the  part 
of  the  eye  to  shutter  the  light.  ■ The  pupillary  response  to  light  is  as 


R.  E. 

Persistent  Pupillary  Membrane. 


L.  E. 


qmck  as  lightning  and  while  iritis  is  never  present  the  patient  evi- 
dently  suffers  from  pain  like  in  iritis. 

OmT  v’?  oI  (Graefe’s  Arch.  f. 

oLto  ’ I ° describe  their  apparatus  for  flash-light 

photop-aphy  of  the  eye  with  or  without  binocular  fixation.  When 
they  desire  to  photogi-aph  both  eyes  while  only  one  eye  is  “fixing  ” 
the  other  eye  is  covered  with  a shutter  which  automatically  exposes 
on  -j"  This  determines  the  relaLe  posi- 

n„h  c T “ and  at  the  same  time  furnishes  a photo- 

giaphic  I-Mord  of  the  size  of  the  pupils.  In  dark  eyes  the  pupils  do 
not  show  distinctly  but  in  light  eyes  they  are  clearly  defined 

occurs  to  the  writer  that  we  have  in  this  method  of  testing,  the 
only  exact  means  of  determining  the  size  of  the  pupils  in  total  dark- 
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ness.  In  order  to  see  the  size  of  the  patient’s  pupil  it  is  necessarv 

elTo’  r *»  our  own 

IfeTtl  f f 5"  This  amount  of  light  viti- 

ates the  test  for  uttermost  dilatability  of  the  pupil.  The  photogranhic 

test  with  flash  light  in  total  darkness  will  record  the  pupils  in  the 
fractional  part  of  a second  (14)  and  before  the  quietest  response 
can  act.  It  would  be  valuable  and  interesting  to  study  pbotogranh  e 
r«ords  of  the  pupils  in  series  of  cases  of  various  diseLl  100“ 
eral  and  cerebro-spinal,  for  thereby  we  might  be  able  to  flz  upon  L- 
m e diagnostic  data  of  great  significance.  The  instantaneous  photo 
paphic  record  of  the  pupil  in  total  darkness  should  afford  vaLable 
information  as  to  the  status  of  the  cervical  sympathetic  nervous  mech- 
amsm  and  the  amplitude  of  its  power. 

Phthms,  Essenm.  Essential  phthisis  bulbi  is  one  of  the  rarest 
«ular  diseases  It  was  the  author’s  good  fortune  to  have  seen  a case 

!!  ;r?'  lu  «‘™«tures  of  the  eyeball  were  enormously  mumified 

so  that  the  measurements  of  the  ball  were  less  than  oLhalf  the 

of  th^natol  The  ' “Tf ' '‘bout  one-fourth 

ot  the  natural  The  cornea  did  not  measure  over  6 mm.  in  diameter 

aftik  iifT  ">“■  The  eye  was  blind  during  the 

atoek;  the  tension  was  greatly  reduced,-  pain  was  a prominent  symp- 

PWteis,  Cnejiml  pupiu  as  an  early  siyy  of.  Tueehter 

apex  of  the  h ’ tuberculosis  of  the 

apex  of  the  lung  in  which  he  noticed  that  one  pupil  was  larger  than 

he  other  and  reacted  more  sluggishly  to  light  It  is  probable  That 
rtese  pupillary  symptoms  were  caused  by  an  involvement  of  the 
bronchial  glands  which  caused  them  to  swell  and  press  upon  the  svm 
pathetic  nerve  on  the  affected  side.  ^ 

. vation  that  m phthisical  young  people  he  had  observed  a change 

n the  size  of  the  pupil  during  respiration.  The  pupil  dilated  on  dPPn 

mspiration  and  contracted  with  full  expiration  He  exp^ 

y ass^ing  that  there  was  increased  irritability  of  the  vagus  cen- 

s^tin  T on  this  subject  see  Tuberculosis  in  this 

section,  also  PnewnoiMa.) 

i/iI^NoT’  Vol. 

; ’ ■ ‘b®  '■^eults  of  systematic  examination  of  the  pupils 

raid  Tthe^ruLr"  --‘‘b  atteLZl: 

the  size  If  the  n “f  d“>Bnostie  importance.  He  states 

„f  ,r.  1 ' ^ 1 f constantly  changing,  due  to  the  antagonism 

*be  sphincter  and  the  dilat" 
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Very  varied  influences  from  every  part  of  the  body  induce  reac- 
tion of  these  muscles.  The  sphincter  reacts  to  light  in  proportion  to 
its  intensity,  and  it  also  contracts  in  convergence  and  frequently 
upon  closing  the  lids.  The  dilator  receives  sensoiy  and  psychical 
stimuli  almost  constantly.  The  size  of  the  pupil  is  dependent  on: 
(1)  Age,  being  small  in  the  new  born,  large  in  youth  and  grad- 
ually becoming  smaller  and  smaller  as  old  age  increases.  (2) 
Sex,  females,  especially  the  more  neurotic  have  larger  pupils  than 
males.  (3)  Refraction,  the  hypermetropic,  especially  the  highly 
^1.^  pcrmetropic,  eye  is  apt  to  have  a small  pupil ; in  emmetropia  a. 
wider  pupil  is  the  rule  while  in  myopia  the  pupil  is  still  larger.  Ex- 
ceptions are  quite  common  for  in  anisometropia  tlie  hypermetropic 
e.ye  may  have  a larger  pupil  than  the  myopic  one;  in  a dim  light 
myopes  freciuently  have  widely  dilated  pupils.  (4)  Visual  acuity,  loss 
of  acuity  is  due  to  defects  in  the  retina,  optic  nerve,  chiasm,  optic 
tract  of  external  geniculate  body,  here  the  pupil  is  dilated.  Loss  of 
acuity  or  even  blindness  due  to  defect  in  the  optic  radiation  or  cortex 
does  not  affect  the  pupil  but  it  may  be  larger  on  the  side  of  the  greater 
impairment.  (5)  Unequal  development  of  the  eyes— especially  of 
the  iris — is  a very  frequent  cause  of  unequal  pupils;  the  reactions 
may  be  normal ; often  there  is  one-sided  development  of  the  face  and 
orbit.  (6)  A difference  in  size  of  pupil  is  frequentlj'  congenital. 

The  light  reflex  of  the  pupil  starts  in  the  retina  and  is  not  confined 
to  the  macula ; it  varies  within  certain  limits  with  the  intensity  of  the 
light  and  the  amplitude  of  the  contraction  varies  in  different  indi- 
viduals. In  the  3’oung,  and  especially  among  females,  the  reaction  is 
qu’.ck  and  extensive.  The  pupils  of  intelligent  persons  often  react 
more  promptly  than  those  of  the  dull.  The  view  held  by  some  that 
the  direct  and  indirect  light  reflex  are  equal,  that  both  pupils  main- 
tain the  same  size  even  with  unequal  illumination  is  wrong.  To  prove 
this  the  stronger  light  should  be  allowed  to  fall  on  one  pupil  for  some 
time  when  a difference  will  usually  be  noted. 

Haab’s  cortical  reflex  cannot  be  demonstrated  in  everyone  and  has 
not  been  shown  as  yet  to  have  any  practical!}-  diagnostic  value. 

On  closing  the  eye  the  cornea  tends  to  move  up  and  out  as  a imle 
and  the  pupil  contracts.  This  occurs  in  normal  individuals  althougli 
there  are  many  exceptions. 

Bach  thinks  that  the  convergence  reaction  is  chiefly  (if  not  exclu- 
sively) due  to  the  impulse  to  convergence  and  not  to  accommodation. 

T he  pi'omptnc.ss  of  the  reaction  and  the  amount  of  narrowing  varies 
somewhat  among  different  individuals.  The  amplitude  of  the  narrow- 
ing depends  of  course  on  tlie  size  of  the  pupil  to  start  with.  In  emme- 
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tropia  and  in  hyperinetropia  tlie  reaction  is  usually  more  prompt 
and  more  marked  than  in  myopia. 

Baeh  has  published  a book  on  the  Amtomij,  Physiology  and  Pathol- 
ogy of  the  Pupil  (S.  Karger,  Berlin,  1908).  A very  good  critical 
digest  is  found  in  the  Ophthalmic  Review,  March,  1909.  Bach  states 
that  according  to  Westphal  the  coarser  fibres  of  the  optic  nerve,  as 
demonstrateed  by  the  microscope,  are  pupillomotor  and  not  visual 
fibres.  lie  found  that  these  fibres  receive  their  medullary  sheath  at 
an  earlier  period  than  tlie  smaller  or  visual  ones.  Clincally  the 
point  is  of  some  interest  for  the  reason  that  the  pupillomotor  fibres 
suffer  from  the  same  causes  and  in  the  same  degi’ee  as  the  visual 
fibres  although  sometimes  the  former  may  be  more  resistant  and  some- 
tims  less  resistant  than  the  latter. 

At  the  chiasm  the  pupillary  fibres  undergo  a semidecussation  along 
with  the  visual  and  most  authorities  agree  that  they  can  be  traced 
as  far  as  the  corpora  quadrigemina,  though  some,  among  whom  is 
Bach,  state  that  they  can  be  traced  no  farther  and  that  they  form 
fresh  connections  here.  Bernheimer  maintains  that  the  fibres  run  an 
uninterrupted  course  to  the  third  nerve  nucleus  and  that  the  part  of  it 
known  as  the  “Edinger-Westphal,”  or  small-celled  median  nucleus, 
is  the  part  from  which  the  fibres  to  the  sphincter  proceed.  According 
to  Bach,  however,  this  collection  of  cells  has  probably  nothing  to 
do  with  the  third  nerve. 

A curious  question  is  whether  or  not  the  pupillary  fibres  undergo  a 
second  semi-decussation  in  the  mid-brain.  While  the  arguments 
advanced  by  Behr  {vide  infra)  in  favor  of  the  view  that  they  do  so 
are  not  universally  accepted  the  fact  remains  that  in  animals  with 
total  decussation  at  the  chiasma  there  is  direct  but  no  consensual 
reaction  of  the  pupil  to  light.  There  must  therefore  be  a second 
total  decussation  of  the  pupillary  fibres  somewhere  between  the  optic 
tract  and  the  third  nerve;  otherwise  it  would  be  the  pupil  of  the 
other  .side  that  would  react.  There  is  therefore  an  a priori  probability 
that  in  animals  with  semi-decussation  at  the  chiasm  there  is  a second 
or  return  .semi-decussation  higher  up.  In  the  case  of  man  Bach  main- 
tains that  the  direct  reaction  to  light  is  greater  than  the  consensual 
and  if  this  is  true  it  becomes  a further  argument  to  support  the  view 
that  although  part  of  the  pupillomotor  fibres  cross  at  the  chiasm  they 
must  recro.ss  higher  up  in  order  that  the  stimulus  to  the  pupil  on  the 
.same  side  should  be  greater  than  on  the  opposite  side.  That  this 
greater  reaction  of  the  pupil  to  direct  stimulation  is  a clinical  fact  is, 
as  above  stated,  not  generally  admitted.  Fuchs  and  Bumke  grant 
that  in  some  normal  cases  the  direct  and  consensual  reactions  are 
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unequal  but  only  to  a very  slight  extent.  Bach  states  that  in  80  per 
cent,  of  the  cases  examined  by  him  the  more  strongly  illuminated 
pupil  was  smaller  by  % to  i/o  mm.  than  its  fellow. 

Besides  the  reflex  action  to  light  the  pupil  may  contract  in  response 
. to  a central  voluntary  impulse  such  as  when  the  eyes  are  focussed  on 
a near  object.  This  contraction  is  neither  dependent  on  convergence 
nor  on  accommodation.  Coincidentally  the  same  voluntary  central 
impulse  excites  at  the  same  time  the  three  sets  of  muscles — the  intemi, 
the  sphincters  and  the  ciliaries.  In  case  one  intemus  is  paralyzed, 
however,  there  can  be  no  convergence,  yet  the  other  two  pairs  of 
muscles  will  respond  to  the  impulse,  and  the  same  obtains  if  the  ciliary 
muscle  is  inactive  as  in  myopia.  Another  phenomenon  of  analogous 
nature  is  the  lid-clasing  contraction  (sec  Gala.^si-Gifford  reaction).  In 
pupils  normally  responsive  to  light  this  reaction  is  difficult  to  observe 
but  when  the  light  reflex  is  absent,  if  the  lids  are  tightly  closed  and 
then  opened,  the  pupils  may  be  observed  to  be  contracted.  They  must 
therefore  have  contracted  in  response  to  a common  impulse  directed 
to  the  orbicularis  oculi  and  the  sphincter.  The  reaction  may  also  be 
elicited  reflexly  by  stimulation  of  the  fifth  nerve  due  to  a foreign  body 
on  the  cornea.  The  lid-closing  reaction  is  consensual  as  well  as  direct 
and  hence  ordinarily  no  difference  in  the  two  pupils  is  observed,  but 
if  there  is  partial  paralysis  of  the  sphincter  on  one  side  the  reaction 
may  be  plainly  visible  on  the  paralyzed  side  alone.  The  phenomenon 
is  demonstrable  during  the  effect  of  a weak  solution  of  cocain.  As  to 
the  nervous  mechanism  of  dilatation  the  chief  role  is  ordinarily  as- 
signed to  the  sympathetic  but  Bach,  agreeing  with  Bumke,  distin- 
guishes between  active  dilatation  due  to  stimulation  of  the  dilator 
muscle  which  the  sympathetic  supplies  and  passive  dilatation  due  to 
inhibition  of  the  sphincter.  The  two  types  have  been  analyzed  by 
special  apparatus  and  photography  and  it  has  been  found  that  dilata- 
tion due  to  stimulation  of  the  sympathetic  is  characterized  by  a short, 
latent  period,  rapid  in  effect,  and  with  a rapid  return  to  the  normal 
whereas  inhibition  of  the  third  nerve  is  followed  by  a slightly  longer 
latent  period  with  a slight  primary  dilatation,  a rebound  and  then  a 
more  extensive  and  prolonged  secondary  dilatation.  . Bach  maintains 
it  is  by  the  second,  or  inhibitoiy,  method  that  sensory  and  psychical 
stimuli  produce  their  effect  and  that  spinal  miosis  is  not  due  so  much 
to  paralysis  of  the  sjunpathetic  as  to  the  loss  of  the  stimuli  that  nor- 
mally inhibit  the  sphincters. 

Behr’s  views.  Behr  (Graefe’s  Arch.  f.  Oplith.  V.  86,  p.  468)  from 
observations  among  twenty-six  cases  of  monocular  blindness  present- 
ing the  so-called  consensual  pupillary  reaction  to  light  directed  in  the 
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seeing  eye,  believes  there  is  a central  recrossing  of  the  pupillomotor 
pathways.  He  states  that  the  pupillary  paths  which  start  from  the 
temporal  halves  of  the  two  retinas,  act  chiefly  on  the  pupillary  nuclei 
of  tlie  opposite  sides  while  those  paths  which  start  from  the  nasal 
halves  of  the  retin®  act  chiefly  on  the  pupillary  nuclei  of  the  cor- 
responding sides.  The  former  enter  the  tracts  uncrossed  along  with 
the  visual  flbres  of  the  retina,  while  the  latter  (nasal  side)  cross  to 
the  other  side  via  optic  chiasm  to  the  tracts  of  the  opposite  sides.  It 
necessarily  follows  that  both  of  these  paths  must  recross  centrally 
before  passing  into  their  nuclear  origins. 

The  tests  to  prove  this  are  as  follows : When  the  light  stimulus 
predominates  on  the  temple  half  of  the  retina  of  the  seeing  eye  the 
pupil  of  the  amaurotic  eye  contracts,  but  when  it  falls  chiefly  on  the 
nasal  half  of  the  retina  the  pupil  of  the  amaurotic  eye  will  dilate.  The 
pupil  of  the  seeing  eye  will  behave  exactly  inversely  to  this,  i.  e.,  it 
contracts  on  more  marked  stimulation  of  its  nasal  half.  This  phenom- 
enon may  in  some  eases  lead  to  interchangeable  anisocoria.  Repeat- 
ing the  tests  and  observations : Focusing  a strong  light  on  the  nasal 
half  of  the  seeing  eye  causes  its  pupil  to  contract  sharply  but  in  the 
pupil  of  the  blind  eye  only  a faint  reaction  is  noted  if  any  at  all,  and 
focusing  a strong  light  on  the  temporal  half  of  the  retina  of  the  seeing 
eye  causes  only  a slight  contraction  of  its  pupil,  but  the  pupil  of  the 
blind  eye  will  contract  sharply.  These  facts  explain  the  dilatation  of 
the  pupil  in  the  normal  eye  when  there  is  a nasal  defect  in  the  visual 
field  of  the  other  eye. 

Behr  concludes  further  that  assuming  central  recrossing  of  the  pu- 
pillary paths  and  also  a pupillomotor  area  representing  both  maculas 
in  the  cerebral  cortex  .of  each  side  it  is  possible  consistently  to  explain 
all  the  disturbances  of  pupillary  movement  which  are  localized  in  the 
centripetal  part  of  the  reflex  arc  (see  Reflex  pathways  in  this  section). 

Von  Hippel’s  views.  Von  Hippel  {Muencli.  Med.  Wochms.,  April 
19,  1904)  has  reviewed  the  extensive  literature  on  this  subject  and 
states  that  diseases  which  affect  the  outer  layers  of  the  retina  in  spite 
of  great  visual  disturbance  leave  the  pupillary  reflex  intact  while 
those  situated  in  the  entire  thickness  of  the  retina  or  in  the  inner  lay- 
ers cause  pupillary  disturbances.  Schirmer  concluded  that  the  pupil- 
lary light  reflex  arc  begins  not  in  the  rods  and  cones  as  does  the  visual 
tract  but  in  the  middle  layers  of  the  retina,  i.  e.,  in  the  layer  of 
amakrine  cells.  This  hypothesis  has  neither  'been  proven  or  dis- 
proven.  Von  Ilippel  argues  the  following  two  important  points 
against  it:  viz.,  that  the  size  of  the  pupil  is  dependent  upon  the 
state  of  adaptation  of  the  eye  and  that  if  the  pupillary  light  reflex 
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arc  began  in  tlie  ainakrine  cells  these  cells  would  be  closely  related 
to  the  adaptation  function;  but  the  rods  have  been  shown  to  have 
to  do  with  this  function.  Again,  the  centre  of  the  fovea  from  which 
the  strongest  pupillary  reflex  can  be  started  is  without  ainakrine 
cells.  (See  Pupillomotor  in  this  section.) 

The  oculomotor  nucleus  according  to  the  latest  investigations  con- 
sists of  two  principal  collections  of  cells  one  on  each  side  of  the 
median  line.  There  are  two  small-cell  portions  lying  within  the 
piincipal  collection  one  on  each  side  of  the  median  line  (Edinger- 
Westphal)  and  a single  large-cell  centre  lying  in  the  median  liim  in 
advance  of  the  centre.  Von  Ilippel  considers  it  proven  that  the  small 
cell  median  nuclei  are  centres  for  the  sphincter  pupilhc;  he  does 
not  declare,  however,  that  they  are  the  only  centres. 

Regarding  the  centripetal  pupillary  reflex  fibre  tract  it  has  been 
found  that  a collection  of  fine  medullated  fibres  leave  the  tract  just 
in  advance  of  the  external  geniculate  body  and  run  up  and  in  toward 
the  median  line.  As  these  fibres  enter  the  white  substance  of  the 
corpus  quadrigeminum  they  radiate,  a part  of  them  going  toward 
the  sphincter  nucleus  under  the  aqueduct.  These  fibres  come  from 
the  optic  nerve  hut  whether  crossed  or  uncrossed,  or  both,  is  not 
known.  Bernheimer  concludes,  however,  that  there  is  a partial 
cro.ssing  of  these  fibres  in  the  chiasm  similar  to  that  of  the  visual 
fibres.  It  is  probable  that  the  connection  between  the  two  sphincter 
nuclei  is  by  contact  over  the  median  line  through  ganglion-cell 
processes. 

Bendieimer’s  scheme  for  the  pupillary  light  reflex  is  as  follows: 
In  the  letina  and  the  optic  nerve  there  are  crossed  and  uncrossed 
pupillary  fibres;  the  crossed  group  end  in  the  small-cell  median  nucleus 
of  the  opposite  side,  the  uncrossed  end  in  the  corresponding  nucleus 
of  the  same  side.  They  leave  the  optic  tract  at  the  geniculate  body. 
The  centrifugal  fibres  are  uncrossed  and  proceed  in  the  oculo-motor 
nerve  from  the  sphincter  centre  through  the  ciliary  ganglion  to  the 
sphincter  iridis  muscle.  In  the  oculomotor  nerve  there  are  also  un- 
crossed fibres  from  the  single  large-cell  median  group. 

The  question  as  to  the  nature  of  the  ciliary  ganglion  is  somewhat 
complicated  by  recent  investigations.  Schwalbe,  Antonelli,  Gold- 
berg and  Peschel  consider  this  ganglion  to  be  purely  spinal  and  as 
subsidiary  to  the  oculomotor.  His,  Remak,  Phisalix  and  Gehuchten 
also  consider  it  to  be  spinal  but  as  subsidiary  to  the  trigeminus.  (See 
Arqyll-Rohertson  pupil,  Cause  of,  Dunn’s  theory.) 

Retzius,  Michel,  Rauber,  d ’Ercline  and  Kolliker  believe  the  cil- 
isiy  ganglion  to  be  purely  sympathetic  because  it  contains  only  mul- 
tipolar cells;  their  fibres  transmit  always  from]  the  cells  and  never 
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to  them.  Krause  asei'ihcs  a double  oi-  mixed  uatiu-e  to  the  y'aiigliou, 
and  llotzmaii  believes  it  dillers  among  din'erent  animals.  The  eil- 
iary  ganglion  is  probably  an  orbital  center  for  pupillary  reflex.  (See 
Ne  iiroparahjtic  kero t i t is. ) 

Physiology  of  the  pupUlary  reflex.  Levinsohn  (Graefe’s  Arch.  f. 
Ophth.,  LIX,  2,  p.  191)  experimented  to  determine  the  cerebral 
center  for  the  spJiineter  pupill®  and  agrees  with  Bernheimer  that 
it  is  situated  in  the  small-celled  median  nucleus  of  Edinger-West- 
phal.  He  extirpated  the  ciliary  ganglion,  thus  destroying  the  cen- 
tral neuron  of  the  sphincter  fibers,  and  found  degenerative  changes 
in  the  median  nucleus  on  the  operated  side. 

Bach  and  Meyer  {Ihid.,  2,  p.  332)  experimenting  on  cats  found 
that  removal  of  the  cerebral  hemisphere  does  not  affect  the  reaction 
of  the  pupils  to  light.  If  one  hemisphere  was  removed  the  pain  re- 
flex could  be  demonstrated,  but  when  both  hemispheres  were  removed 
this  reflex  was  lost.  Removal  of  the  cerebellum  did  not  destroy  the 
reaction  of  the  pupil  to  light.  A marked  difference  was  noted  be- 
tween the  behavior  of  the  pupil  in  eats  and  rabbits  when  the  fifth 
nerve  was  stimulated;  in  cats  there  was  no  pupillary  contraction  bv 
this  test  while  in  rabbits  there  was  marked  contraction  on  the  cor- 
responding side.  This  contraction  wms  not  affected  by  section  of 
the  medulla  in  the  neighborhood  of  the  posterior  corpora  quadri- 
gemina,  but  the  contraction  lessened  w'hen  the  superior  cervical 
sympathetic  ganglion  wms  irritated. 

Bach  and  Meyer  from  these  findings  conclude  that  there  is  an  in- 
hibitory center  in  the  medulla  for  pupillary  reflex  in  cats.  The  dif- 
ferent findings  in  the  same  tests  in  rabbits  are  explained  by  the  natu- 
rally sluggish  reaction  of  the  pupil  in  rabbits’  eyes  and  the  different 
anatomical  arrangement  of  the  visual  pathways. 

Piloc-arpin,  Myclriatic  action  of.  Lilienfeld  {Centralhl.  f.  prak. 
Augenheilh'.,  May,  1901)  has  noted  that  solutions  of  pilocarpin  have 
occasionally  been  found  to  produce  mydriasis  where  miosis  was  in-  • 
tended.  The  mydriatic  effect  of  the  drug  in  these  instances  has  never 
been  satisfactorily  explained  by  the  chemist  or  pharmacist.  He  ad- 
vises that  each  solution  should  be  tested  as  to  its  effect  on  the  pupil 
before  it  is  dispensed.  He  noted  in  a case  that  the  drug  produced 
miosis  la.sting  an  hour  and  a half,  then  the  pupil  became  normal  in 
size  but  was  followed  by  mydria.sis  which  was  distinctly  present  thirty 
hours  later.  He  attributes  the  late  dilatation  produced  by  the  drug 
to  faborin  which  he  seems  to  believe  forms  as  a decomposition 
product  in  pilocarpin  solutions.  This,  if  true,  becomes  valuable  in- 
formation as  going  to  prove  that  some  pilocarpin  solutions  may  work 
a positive  harm  in  an  eye  possessed  of  incipient  glaucoma  and  would 
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at  once  establish  a contraindication  for  their  use  in  glaucoma  sim- 
plex. 

Piltz  psychic  test  in  tales.  In  some  cases  of  tabes  the  pupils  will 
contract  independent  of  light  while  thinJcing  of  a bright  light,  and 
dilate  regardless  of  darkness  by  thinking  of  the  dark.  Piltz ’s  psychic 
test  seems  to  be  of  no  practical  value. 

Pneumonia,  Anisocoria  in.  Burkoldt  (Inaug.  Dissert,  Breslau, 
1913)  reported  that  he  had  found  the  pupils  unequal  in  23  out  of  35 
cases  of  unilateral  pneumonia.  The  pupil  on  the  side  of  the  disease 
was  dilated  in  14  and  contracted  in  9 of  his  cases.  This  phenome- 
non is  quite  uncommon  in  pleurisy  but  was  present  in  58.3  per  cent, 
of  the  cases  of  tuberculosis  of  one  lung.  Among  seven  cases  the 
pupil  was  dilated,  while  among  five  it  was  contracted  on  the  affected 
side.  Anisocoria  is  most  frequent  in  the  second  stage  of  the  dis- 
ease. Considering  all  cases  of  lung  disease  that  he  had  observed 
the  pupils  were  unequal  in  65  out  of  94  (69.1  per  cent.).  Thirty- 
nine  cases  presented  dilatation  and  26  contraction  of  the  pupil. 
This  observation  has  been  corroborated  by  internists  in  Cincinnati. 
(See  Tuherculosis  in  this  section,  also  Phthisis  pulmonalis). 

Poiso-ns  that  dilate  the  pupil.  List  of  common. 

1.  Hydrocyanic  (prussic)  acid  (oil  of  bitter  almonds,  cyanite  of 
potash) . 

2.  Aconite. 

3.  Belladonna  (atropin). 

4.  Cannabis  indica  (Indian  hemp). 

5.  Chloral  (at  first  contracted). 

6.  Chloroform. 

7.  Cocain. 

8.  Conium  (hemlock). 

9.  Digitalis  (fox  glove). 

10.  Ergot. 

11.  Gelsemium  (yellow  jasmine). 

12.  Hyoscyamus  (henbane). 

13.  Nitrite  of  amyl  and  other  nitrites. 

14.  Nitroglycerine. 

15.  Sanguinaria  (blood  root). 

16.  Stramonium  (Jamestown  weed). 

17.  Turpentine. 

18.  Scopolamin. 

19.  Wood  alcohol  and  quinine  that  produce  blindness. 
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Paisons  that  contract  the  pupil  in  lethal  doses. 

1.  Carbolic  acid  (creosote). 

2.  Alcohol  in  lethal  doses. 

3.  Calabar  bean  (physostigma). 

4.  Chloral  (at  first). 

5.  Jaborandi  (pilocarpin). 

6.  Opium  (and  its  salts,  morphine,  codein,  etc.). 

Poisoning,  Carhan-monoxide  (illuminating -gas).  Patients  overcome 
with  the  fumes  of  gas  present  many  of  the  general  symptoms  seen  in 
multiple  neuritis.  The  pupils  are  widely  dilated  and  fixed,  entirely 
so  in  the  unconscious  stage 'and  less  marked  as  consciousness  returns. 
Blindness  and  consequent  mydriasis  has  been  reported  by  Sibelius  in 
a boy  of  twenty  who  subsequently  developed  dementia  and  epilepsy 
and  died  after  three  months.  A post-mortem  revealed  the  blindness 
to  be  due  to  bilateral  softening  of  the  visual  cortex  in  the  occipital 
lobes. 

Poisoning,  Dilatation  in  chlorodyne.  Powell  {Ind.  Med.  Gaz.,  Au- 
gust, 1902)  stated  that  among  four  cases  of  fatal  chlorodyne  poison- 
ing that  came  under  his  notice  there  were  widely  dilated  pupils 
noted  in  each.  The  chlorodyne  solutions  he  examined  differed  greatly 
as  regards  the  dilute  hydrocyanic  acid  content.  One  sample 
contained  25  minims,  another  55  minims  to  the  ounce.  The 
morphin  content  was  four  grains  to  the  ounce.  Powell  explained  the 
dilatation  of  the  pupils  by  assuming  that  the  mydriatic'  effect  of  the 
hydrocyanic  acid  in  overwhelming  doses  would  easily  overpower  the 
tendency  to  morphin  miosis  possessed  by  the  drug. 

Poisoning,  Lead.  Workers  in  lead  are  subject  to  a peculiar  form 
of  multiple  neuritis  affecting  the  nerves  supplying  particularly  the 
extensor  muscles  of  the  upper  extremities.  Occasionally  the  poison- 
ous effects  of  lead  are  exerted 'on  the  cerebrum  and  we  then  have  ex- 
hibited symptoms  referable  to  the  brain  and  cranial  nerves.  Again 
the  cells  of  the  anterior  horns  of  the  spinal  cord,  including  the  ante- 
rior roots  of  the  spinal  nerves,  may  show  degenerative  lesions.  The 
pathology  is  mostly  a study  in  acute  degeneration  of  nerve  cells,  nerve 
centers,  nerve  tracts  and  neuraxons,  expressed  more  violently  in  cer- 
tain motor  tracts  than  in  others  and  varying  greatly  in  different  sub- 
jects and  that,  too,  in  varying  intensities,  so  that  we  may  observe  all 
kinds  of  interesting  symptoms  from  an  isolated  palsy  to  a profound 
encephalopathy  including  delirium,  coma,  epileptoid  seizures,  hemi- 
plegia and  even  death. 

Optic  neuritis  and  blindness  are  common  in  the  cerebral  cases  and 
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in  them  we  find  more  or  less  dilated  and  fixed  pupils  usually  in  pro- 
portion with  the  degree  of  amblyopia  present.  Loss  of  light  reflex 
is  also  of  frequent  occurrence  in  the  brain  cases.  Miosis  is  of  very 
rare  occurrence.  In  many  eases  the  optic  nerves  and  retina  show 
slight  if  any  involvement,  as  noted  by  deSchweinitz,  and  among 
them  the  pupils  act  and  react  normally.  (See  Multiple  neuritis  in 
this  section.) 

Poisoning,  Sulfonal  and  trional.  The  effect  of  lethal  doses  of  sul- 
fonal,  trional  and  other  coal-tar  derivatives  of  their  class  is  verv 
similar  to  that  produced  by  the  fumes  of  carbon-monoxide  (illuminat- 
ing-gas).  1 he  pupils  are  found  to  be  dilated,  one  usually  more  so 
than  the  other.  These  drugs  in  overwhelming  doses  have  been  known 
to  produce  interstitial  neuritis  with  degeneration  of  the  nerve  trunks 
and  peripheral  endings  as  proven  by  post  mortem  examination. 

Polioeucepliahtis,  Aortnal  acting  pupils  in  acute  hemorrhagic  su<- 
penor.  In  this  rare  disease,  first  reported  by  Wernicke,  {Lehrbuch 
d.  Gehirnk,  1881,  Vol.  XL VII,  p.  229)  there  are  multiple  hemorrhages 
in  the  dorsal  portion  of  the  third  ventricle  and  the  region  of  the 
aqueduct  of  Sylvius,  including  especially  the  nuclei  of  the  ocular 
nerves.  The  prominent  .symptoms  are  marked  and  rapid  paralysis  of 
the  ocular  muscles,  a staggering  gait  and  a mental  condition  similar 
to  delirium  tremens.  The  pupils  are  usually  not  involved.  The  lo- 
cation of  the  centers  for  the  sphincter  pupillfe  in  the  anterior  colli- 
mdi  of  the  corpoi-a  quadrigemina,  a location  just  outside  the  zone  of 
involvement,  permits  it  to  escape  in  a classical  case  of  this  disease. 

Among  twenty  undoubted  cases  of  this  disea.se  .studied  by  Wilbrand 
and  Saenger  {Neurolog.  des  Aug.,  Bd!  1,  Abt.  1,  p.  270)  tlie  pupils  in 
some  eases  Avere  normal  to  light  reaction  and  completely  immobile 
in  others,  so  that  they  do  not  conform  to  any  one  rule  of  behavior. 

1 he  pre.sence  of  normal  acting  pupils  to  light  in  the  .symptom-complex 

of  this  disease  is  undoubtedly  suggestive  and  of  distinct  diagnostic 
value. 

Polgcorm,  Congenital.  The  eye  may  present  two  or  more  pupillary 
openings  through  the  iris.  Where  the  anomaly  exists  the  opening 
intended  for  the  normal  pupil  is  never  round  but  is  more  or  less  pear- 
shaped  and  the  aeces.sory  pupil  is  placed  at  the  peripheral  portion 
of  the  iris  in  the  direction  of  the  lesser  curve  of  the  elliptically-shaped 
pupil.  This  elongation  of  the  central  pupil  in  one  direction  usually 
occurs  downwards  or  obliquely  downwards,  and  the  supernumerary 
pupil  is  separated  from  the  main  pupil  by  a bridge  of  iris  tissue. 
This  invariable  arrangement  in  cases  of  “discoria”  suggests  at  once 
the  true  eause,  viz.,  that  the  condition  is  the  expression  on  the  part 
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of  the  euibryoiial  tissue  of  tlie  iris  in  the  process  of  iris-formation  to 
frustrate  the  forniation  of  a eoloboma.  If  the  “bridge”  had  not 
gi-own  across  the  gap  to  produce  a double  pupil  there  would  have  oc- 
curred a eougeuital  eoloboma.  This  condition  then  is  almost  invari- 
ably found  in  the  pathway  of  the  optic  cleft.  Examination  of  the 
central  pupil  which  is  pear-shaped  shows  evidence  of  a broken  or 
unclosed  sphincter  pupillfe,  as  well  as  a fading  out  of  the  markings 
of  the  “lesser  circle”  of  the  iris.  There  is  no  evidence  whatever  of  a 
sphincter  being  present  in  the  accessory  pupil.  The  structure  of  the 
bridge  shows  evidence  of  attenuation  and  feebly  expressed  crypts. 
The  pigment  layer  of  the  posterior  surface  of  the  iris  will  rarely  be 
present  where  the  bridge  exists.  Thus  we  can  infer  that  the  dehis- 
cence or  cleft  in  the  iris  is  complete  in-so-far  as  the  ectodermic  tis- 
sue forming  the  retinal  pigment  layer  of  the  iris  is  concerned  but  is 
only  partial  as  regards  the  mesodermie  tissue  forming  the  substan- 
tia propria  of  the  iris. 

There  are  other  kinds  of  double  or  multiple  pupil  to  consider.  One 
form  is  due  to  persistent  pupillary  membrane  which  runs  in  a path- 
way across  the  round  central  pupil  areas,  one  often  being  larger  than 
the  other  and  neither  being  round.  Such  an  anomaly  tells  at  once 
that  the  condition  is  not  a frustrated  eoloboma  but  is  a residue  of 
the  pupillary  membrane  bisecting  the  round  pupil.  Indeed  it  is  pos- 
sible for  the  round  pupil  to  be  subdivided  into  several  or  many  “pu- 
pils” by  a net-like  arrangement  of  persistent  pupillary  fibers.  In 
all  these  conditions  it  is  easy  to  demonstrate  that  the  sphincter  iridis 
is  eomplete  as  well  as  the  rest  of  the  iris  tissue. 

Another  form  of  polycoria  is  due  to  the  same  cause  that  pinduces 
in  other  eases  atypical  or  eccentric  eoloboma  as  explained  (see  ('olo- 
boma  in  this  section),  that  is,  by  the  result  of  retardation  or  hin- 
drance of  the  ingrowing  edge  of  the  seeondai’y  optic  vesicle,  in  which, 
after  a time,  and  before  the  embryonal  cells  have  ceased  growing”, 
there  occurs  a lateral  growth  of  cells  to  form  bridges  where  a eolo- 
boma would  otherwise  have  existed. 

In  such  cases  we  may  find  the  iris  curiously  riddled  with  congeni- 
tal holes  which  pursue  no  definite  arrangement  as  to  location,  thus 
proving  at  once  that  they  are  not  due  to  failure  of  closure  of  the 
optic  cleft.  Where  this  form  of  polycoria  exists  the  pigment  layer 
of  the  iris  is  scant  or  wanting  entirely,  while  the  pattern  of  the  iris 
is  entirely  fashioned  by  the  mesodermie  layers  derived  from  the  an- 
terior vascular  sheath  of  the  lens. 

Polyoorm  in-  glaucoma.  Benson  {Trans.  Royal  Acad,  of  Med.  of 
IreJand,  Sec.  of  Path.,  March,  1900)  showed  a case  in  which  in  addi- 
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tion  to  the  normal  pupil  in  the  right  there  were  eight  other  openings 
in  the  iris;  in  the  left  iris  one  extra  opening.  The  accessory  pupils 
were  mostly  slit-like  through  which  the  fundus  could  be  illuminated. 

Fms  arid  medulla,  Diseases  of  the.  Hirsch  {Zeitsch.  f.  Augenh., 
April,  1903)  collected  eighty  cases  of  pure,  mostly  unilateral,  dis- 
eases of  the  pons  and  reports  widely  dilated  pupils  in  25  per  cent,  of 
them.  As  to  the  pupillary  inactivity  in  these  cases  the  question  arises 
whether  it  should  be  ascribed  to  optic  neuritis  and  blindness.  Since, 
however,  15  per  cent,  of  the  cases  presenting  mydriasis  presented  no 
lesion  of  the  fundus  he  is  inclined  to  believe  in  a connection  between 
the  pupil  reflex  and  the  medulla.  Bach  and  Mayer  claim  there  is  a 
reflex  inhibitory  center  in  the  medulla  through  a descending  path  in 
the  fillet  and  an  ascending  path  in  the  posterior  longitudinal  fibers. 
Involvement  of  this  center  would  occasion  the  widely  dilated  and  fixed 
pupils. 

Postmortem  reaction  of  the  pu-pil  in  rabbits  after  decapitation. 
Ruge  (Graefe’s  Arch.,  LIV,  p.  483)  reports  that  even  after  complete 
division  of  the  medulla  oblongata  there  was  perceptible  pupillary 
reaction  in  the  eyes  of  rabbits  and  cats.  This  finding  fails  to  sub- 
stantiate Bach’s  idea  of  the  spinal  location  of  the  center  for  pupil- 
lary reflex.  (See  Death  in  this  section.) 

Psychic  reaction.  Westphal  {Deutsche,  med.  Wochenschr.,  1912, 
No.  38)  reported  three  interesting  cases  demonstrating  the  psychic 
reaction  of  the  pupil. 

I.  A woman  with  migraine  presented  dilated  and  immobile  pu- 
pils at  the  menopause.  The  condition  resembled  third  nerve  palsy 
in  which,  however,  only  the  pupillary  branch  was  involved.  A simi- 
lar pupillary  condition  which  alternates  with  ^he  normal  is  met  with 
in  katatonia.  The  influence  of  psychic  and  vasomotor  disturbances 
undoubtedly  bears  on  these  cases. 

II.  A patient  with  no  signs  of  syphilis,  tabes  or  paresis  presented 
paradoxical  light  reaction.  There  was  dilatation  instead  of  contrac- 
tion to  light.  This  dilatation,  however,  had  a preceding  fugitive 
contraction  which  was  detected  with  the  loupe  and  which  soon  gave 
way  to  the  dilatation.  It  is  most  likely  that  all  paradoxical  pupils 
present  a momentary  contraction  which  escapes  detection  when  light 
is  thrown  in  the  eye  and  that  owing  to  psychic  influence  the  pupil 
dilates  instead  of  contracts  in  the  light. 

III.  A patient  with  maniacal  excitement  showed  marked  reaction 
of  the  pupil  to  light  and  this  contraction  remained  in  a spastic  con- 
dition and  would  not  respond  or  dilate  until  the  room  was  dark- 
ened. 


PUPIL,  THE,  IN  HEALTH  AND  DISEASE 


10725 


Psychic,  states,  The  effect  of.  Conscious  states,  especially  of  a 
psychic  nature  like  fright,  anger,  terror,  etc.,  frantic  states  of  the 
mind  brought  about  by  what  we  see,  smell,  taste,  touch  or  hear  are 
associated  with  equal  dilatation  of  the  pupils  (Bumpke’s  pupils). 
The  converse  of  these  are  the  unconscious  states  such  as  slumber, 
hebetude,  dream  states,  narcosis,  general  anesthesia,  etc.,  which  are 
associated  with  equal  contraction  of  the  pupils. 

In  the  former,  upon  withdrawal  of  the  psychic  influence  produc- 
ing terror  of  mind,  the  pupils  resume  the  normal  state,  while  in  the 
latter  on  awaking  to  the  appreciation  of  orientation  the  pupils  re- 
turn to  the  normal  standard.  These  facts  enable  the  diagnostician 
to  appreciate  the  mental  equipoise  of  the  patient  by  observing  the 
pupils.  (See  Subconscious  states  in  this  section.) 

Psychoses,  Organic  hrain  lesions.  Marked  pupillary  abnormalities 
exist  in  all  cases  of  organic  cortical  lesions  of  the  brain.  It  is  not 


uncommon  to  find  one  pupil  dilated  in  these  cases  and  more  or  less 
contracted  pupils  are  likewise  often  observed.  Loss  of  pupil  reac- 
tion to  both  light  and  accommodation  is  common  among  the  insane. 

i upillo'meter.  The  pupil  lies  in  the  bottom  of  the  anterior  cham- 
ber. The  cornea  and  aqueous  together  act  as  a magnifying 
medium  and  hence  the  pupil  always  appears  larger  than 
it  really  is.  Moreover  it  seems  to  lie  closer  to  the  cornea  than 
is  the  fact  owing  to  the  refraction  of  the  transparent  aqueous.  Nev- 
ertheless for  practical  purposes  the  pupil  width  can  be  estimated 
by  actually  measuring  its  diameter  with  a millimeter-scale  held 
closely  to  the  cornea,  or  by  comparing  its  size  with  the  standard 
pupillometers  and  selecting  and  noting  the  size  of  the  perforation 
in  the  in.strument  that  corresponds  with  that  of  the  pupil  under  ob- 
servation. 

The  Morton  ophtlialmoscope  has  a pupillometer  scale  similar  to 
that  .shown  in  the  accompanying  illustration  attached  to  the  rotat- 
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mg  disk.  This  is  a handy  contrivance  and  answers  for  all  practical 
purposes.  Pnpillonieters  have  been  devised  by  Wells,  Ilirschberg 
Wgt )’  illustration  showing  Hirsch- 

In  medico-legal  cases  it  is  sometimes  necessary  to  state  under  oath 
the  size  of  the  pupil.  The  expert  should  use  a pnpillometer  and 
note  the  exact  size.  In  other  cases  for  record  and  future  compari- 
son the  pninllometer  should  lie  used. 

/>  "f  “«<■<  of  the.  Cooke,  of  Seottfe  {.1»„ 

Vol.  XIII  No.  4,  |>.  768)  calk  attention  to  the  fact  that' 
the  M/e  oi  the  pn|nl  as  estiniated  with  the  ordinarv  niillinietcr  .scale 
01  iininlloincter  is  erioneons  for  the  reason  tliat  the  cornea  aiirt 
atineoiis  iiiajnnly  it.  In  order  to  ascertain  the  real  .size  of  the  pupil 
he  has  devised  a method  which  is  novel  and  ingenious  although  open 
to  the  Oluectioii  that  it  is  a snl).jectivc  test.  Ilis  method  is  ba.sed 


Circular  Pnpillometer. 


on  he  following  e.vperiineiit : Two  series  of  stenopaic  openings  are 
made  at  e,|ual  intervals  along  two  diverging  lines  interscetiiig  at 
ne  end  and  lienig  10  iinii.  apart  at  the  other  end  as  .shown  in  the 
diagi  ain  I his  card  is  held  before  the  e.ye  at  a distance  of  appro.vi- 
natel,v  14  mm.  iroin  the  cornea  (estiniated)  and  the  patient  directs 
ns  gaze  through  these  double  holes  starting  with  the  holes  closest 
together  (1  mm.)  and  moving  the  card  along  the  .series  of  holes  that 
are  wider  apart  (every  10  mm.  space).  The  patient  when  looking 
iroiig  Hie  hrst  pair  of  holes  will  .see  two  bright  circular  fields  of 

col  t "™'i  r*’'  Pf'-ts  are  brighter  on  ac- 

of  the  double  amount  of  light  that  illiiminates  the  correspond- 

mg  overlapping  images,  on  the  retina  (.see  flg.)  (a)  and  as  the  next 
pro  loles  are  placed  before  the  pupil  the  ciwular  fields  of  light 
are  Css  overlapped  (h)  and  with  the  third  pair  of  holes  in  front 
the  ])n|)il  this  overlaiiping  of  the  bright  fields  is  still  less  (c). 
tie  test  IS  progressively  continued  these  light  circular  fields  will 


PUPIL.  THE,  IN  HEALTH  AND  DISEASE 


10727 


be  seen  to  touch  at  their  peripheries  (d)  and  when  the  next  pair 
of  holes  is  employed  they  will  be  seen  separated  (e)  and  with  still 
the  next  they  will  be  farther  separated  (f)  etc.  The  pair  of  holes 
in  this  test  which  produces  the  light  fields  whose  margins  are  just 
tangent  to  each  other  will  give  ns  the  exact  or  true  size  of  the  pupil 
if  we  measure  the  distance  these  same  holes  are  apart  on  the  card, 
lly  this  test  the  pupil  fields  are  not  sharply  defined  in  outline  but 


00  OO  CO  oo  oo 

a b c d e f 

Cooke’s  Circular  Fields. 

the  difference  between  the  point  where  it  is  possible  to  say  the  fields 
overlap  and  the  point  where  it  is  possible  to  say  they  do  not  touch 
is  not  greater  than  one-fourth  mm.  The  method  therefore  appeal’s 
sufficiently  accurate  for  clinical  purposes.  In  the  test  thus  far  de- 
scribed the  observation  is  made  with  one  eye,  the  other  being  closed 
or  kept  in  darkness.  If,  now,  the  second  eye  is  opened  and  exjmsed 
to  the  bright  light  the  circles  of  light  observed  with  the  eye  behind 
the  stenopaie  holes  are  seen  to  draw  ajiart  and  it  will  be  necessary 
to  select  a pair  of  holes  nearer  together  in  order  to  have  the  circles 
ai)proach  and  become  tangent  again.  This  is  the  consensual-con- 
traction size  of  the  pupil,  '^riic  difference  between  the  direct  meas- 
ure and  the  consensual  measure  of  the  pupil  is  about  1 mm.  in 
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Using  this  principle  Cooke  has  devised  an  instmmPTit  f 
urmg  the  real  size  of  the  pupil  which  he  calls  a koreometo  “rhe 

metal  which  tapers  fro»  oZ  to  ten  ra^  \r:ida  Thil 
measurements  to  one-tenth  mm  if  reouired  TTio  'f  i . 

"ittd  ^ 

oi  t'.::;:;""  ^d  ac:x:r  ~cxv:.xx 

J 4eTpXrt'XeT/X^^^^^^  >;  to  cor. 

that  measures  4.44  mm.,  as  seen  tLXh  fi  ® P"P“ 

is  indicated  to  measure  4 mm  and  one  thar  aqueous, 

indicated  to  measure  8 mm  ite’time  size  Th'  “O'-  i* 

tlie  following  scale  of  corrections  computed  frl’ TXXgrior'’ 

nea  anra'quXs!'""  fhe  cor-' 

9.01  mm,  for  an  8 mm.  pupil. 

7.88  mm.  for  a 7 mm,  pupil. 

6.76  mm.  for  a 6 mm.  pupil, 

5.6  mm.  for  a 5 mm.  pupil. 

4.507  mm.  for  a 4 mm.  pupil. 

3.3  mm.  for  a 3.3  mm.  pupil. 

2.2  mm.  for  a 2 mm,  pupil. 

Duane  (Knapp’s  Archives  of  OphthaL,  Vol.  XLIV  No  5 n 483^ 
employs  the  principle  of  Priestlev  Smith 1’  ’ ^ 

the  diameter  of  the  pupil  “A^miir^  f keratometer  m measuring 
with  a -4-2  7'Sn  lo  millimeter  scale  placed  in  contact 

of  mm.  rtat  the  latter' 'subtend  nnn'ber 

;fint"ofth:’’ir^^i6''c:  f"?  ‘^%:cat 

be  obtained  even  ivhei,  th  seat'Srnotru 

Contino  (U.  Clin.  oXT  Nov  io,  1 P“P''  ” 

encountered  in  estimating  the  e»  t s ze  of 
the  inadequate  means  proposed  by  mai,v  to  ascer  Tin  Z 

fitted  ■ apparatus  consists  of  a horizontal  microscope  which  is 

scTe  i e er  niicrletlr  gJaT 

scale.  He  eliminates  the  troublesome  shadow  that  falls  on  the  ev^ 

by  employing  a strong  prism.  Having  found  the  appTent  sTe  ^o 
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the  pupil  as  indicated  by  the  instrument,  he  then  calculates  the  real 
size  by  using  a table  of  mathematics. 

Pupai(h)ieter,  Binocular.  Ohm  (Centralbl  f.  Augenh.,  Aug., 
1906,  p.  129)  states  that  comparison  of  both  pupils  at  the  same  time 
is  very  important  in  the  study  of  numerous  physiologic  and  patho- 
logic questions.  Hence  he  devised  his  binocular  pupillometer  with 
which,  by  means  of  a system  of  prisms,  the  images  of  both  pupils 
are  brought  side  by  side  and  may  be  measured  with  great  accuracy. 

Bordier  and  Nogier  (Rev.  general  d’opMalm.,  Vol.  XXVI,  p. 
529)  describe  an  improvement  on  Houdin’s  instrument  which  had 
been  modified  by  Badal.  The  advantage  consists  in  the  possibility 
of  measuring  the  diameter  of  the  pupil  rapidly  and  in  any  light. 

With  regard  to  its  construction  the  reader  should  consult  the  orig- 
inal article. 

PupU  scale,  Isoclironiatic.  Krusius,  of  Marburg  {Trans.  11th  In- 
temat.  Ophth.  Cong.)  demonstrated  his  pupillometer  consisting  of  a 
red  ground-glass  disk  with  graduated  holes  provided  in  an  aluminum 
shutter,  allowing  the  pupil  to  be  measured  by  reflected  or  transmit- 
ted light. 

The  scale  is  always  of  the  same  color  as  the  pupil,  thus  avoiding 
the  common  source  of  error. 

Pupillomotor  fibers  in  the  retina.  Hess  {Arch.  f.  Angen.,  Sept., 
1907)  states  that  two  facts  render  the  ordinary  clinical  method  of 
testing  the  pupil  reaction  valueless  for  the  purpose  of  deciding  the 
location  of  pupillomotoric  fibers  in  the  retina.  One  is  that  on  what- 
ever point  in  the  retina  light  is  focussed  the  amount  of  light  which 
is  ditfused  and  so  reaches  other  parts  of  the  retina,  is  always  consid- 
erable. The  other  is  that  with  lateral  illumination  the  amount  of 
light  which  passes  through  the  iris  and  even  through  the  sclera,  is 
perceptible  and  may  be  sufficient  to  cause  a contraction  of  the  pupil. 

Hess  devised  a method  of  examination  which  consists  in  focussing 
the  light  which  enters  the  pupil  at  different  points  in  the  circumfer- 
ence of  a circle  which  has  the  macula  as  its  centre  and  the  distance 
between  the  fovea  centralis  and  the  centre  of  the  blind  spot  as  its 
radius.  He  states  that  when  a beam  of  light  is  directed  on  the  blind 
spot  the  diffused  or  reflected  light  and  not  the  direct  light  on  the 
nerve  head  is  what  excites  the  sensation  of  light  and  causes  pupil- 
lary contraction.  When  the  same  pencil  of  light  is  directed  on  any 
point  of  the  retina  at  a distance  from  the  macula  equal  to  that  of 
the  blind  spot  from  the  macula  the  amount  of  diffused  light  will  be 
equal  to  what  it  was  when  the  blind  spot  was  illuminated  but  the 
direct  rays  will  be  brought  to  bear  upon  the  rods  and  cones  at  the 

Vol.  XIV— 2 1 


10730 


PUPIL,  THE,  IN  HEALTH  AND  DISEASE 


retinal  point  on  which  they  are  focussed.  We  would  naturally  ex- 
pect greater  and  prompter  contraction  of  the  pupil  when  this  retinal 
area  was  illuminated  than  when  the  blind  spot  which  contains  no 
pupillomotor  fibers  was  illuminated. 

The  result  on  the  pupil  of  directing  the  light  on  the  blind  spot  is 
exactly  the  same  as  that  of  directing  it  on  any  retinal  point  in  the 
same  circumference  having  the  macula  lutea  as  the  center.  These 
experiments  go  to  disprove  the  theory  that  the  parts  of  the  retina 
outside  the  circumference  of  this  circle  have  any  pupillomotor  fibers 
at  all,  i.  e.,  outside  a circle  of  3 mm.  radius  from  the  macula. 

These  facts  throw  doubt  on  the  value  of  the  clinical  observations 
hitherto  recorded  on  the  subject  of  the  hemianopie  pupillary  reac- 
tion. 

Hess  also  raises  the  question  as  to  the  exact  location  in  the  retina 
where  the  impulse  to  pupillary  reaction  is  first  incited.  In  most 
birds  owing  to  the  presence  of  red  and  yellow  oil  globules  between 
the  inner  and  outer  limbs  of  the  cones  the  spectrum  is  considerably 
shortened  at  the  blue  end  as  compared  with  what  is  visible  to  us.  In 
the  retina  of  night  birds,  such  as  owls,  these  oil  globules  do  not  exist. 
Now  if  the  apparatus  for  receiving  pupillomotor  impulses  is  located 
in  the  inner  granular  layer,  as  some  have  maintained,  there  would 
be  no  difference  in  the  action  of  different  colors  in  exciting  the  pu- 
pillary reaction.  But  Hess’s  experiments  showed  that  with  day 
birds  (pigeons,  hens,  jackdaws)  the  greatest  reaction  is  obtained 
with  orange  and  yellow  light,  blue  being  almost  powerless  to  excite 
any  reaction.  Whereas  with  night  birds  (owls)  the  reaction  is  great- 
est with  green  light;  as  the  long-wave  end  of  the  spectrum  is  ap- 
proached the  reaction  lessens  rapidly,  towards  the  short-wave  (blue) 
end  the  reaction  lessens  much  more  more  gradually  and  similarly 
to  that  noted  in  the  normal  condition  of  the  human  eye  when 
adapted  for  dark.  These  facts  tend  to  show  that  the  reason  for  the 
different  behavior  of  the  pupil  in  day  birds  lies  in  the  existence  of 
the  above-mentioned  yellow  and  red  oil  globules  and  the  conclusion 
is  therefore  reached  that  the  recipient  pupillomotor  apparatus  is 
located  in  the  outer  limbs  of  the  cones.  (See  Physiology  of  the 
pupily  V071  ITippePs  views,  also  Threshold/  value  in  this  section.) 

Pupillo-motoi'  area  of  the  retina.  Hess  {Arch,  of  Ophth.,  Vol. 
XXXVITI,  No.  2)  again  investigating  the  question  of  the  location  of 
the  pupillomotor  fibers  of  the  retina  mentions  that  Heddaeus  more 
than  twenty-five  years  ago  suggested  that  only  a small  area  of  the 
retina  contained  the  pupillomotor  fibers  but  decisive  experiments 
were  lacking  to  prove  his  contention.  Hess  devised  an  apparatus 
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which  he  calls  a “pupil  perimeter”  (see  figure)  and  which  he  de- 
scribes as  follows: 

“On  a firm  stand  (a)  was  fastened  a rod  movable  up  and  down 
(b),  to  which  was  attached  a metal  quadrant  (c,  e),  revolvable  about 
its  axis  (0,  d).  This  quadrant  had  a radius  oi  35  cm.  Jfd  had  at 
tached  to  it  at  right  angles  a cylinder  impervious  to  light  (f)  con- 


Hess’  Pupil  Perimeter. 


tainiiig  an  electric  lamp.  The  anterior  surface  of  the  cylinder  was 
formed  of  ground  glass  in  front  of  which  was  placed  a diaphragm, 
by  means  of  which  the  diameter  of  the  irradiating  surface  could  be 
varied  at  will  from  0 to  22  mm.,  and  the  light  strength  could  be  .still 
further  varied  by  means  of  a rheo.stat,  or  by  the  iiiterjiosition  of 
more  gi'ound-gla.ss  plate.s.  At  the  zero  point  of  the  (niadraiit  (c)  a 
little  electric  lamp  was  placed  in  a capsule  provided  with  a miuute 
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. opening  the  light  strength  of  which  was  to  be  regulated  so  that  the 
observer  could  just  perceive  the  openings  as  a minute,  weakly  lighted 
point  in  the  condition  of  adaptation  in  which  he  was  at  the  time. 

By  moving  the  lamp  (f)  on  the  quadrant  (c,  e),  and  by  turning 

e quadrant  about  its  axis  (c,  d),  places  on  the  retina  equally  dis- 
tant from  the  centre  could  be  investigated  in  the  above-mentioned 
manner,  at  such  eccentricity  and  with  such  size  and  strength  of  the 
irradiating  light  as  might  be  desired.” 

It  is  impossible  to  produce  a spot  of  light  in  the  bottom  of  the 
eye  without  there  being  luminous  circles  which  extend  quite  a dis- 
tance beyond  the  illuminated  spot.  For  instance,  with  a source  of 
ight  at  a distance  of  one  meter  and  of  a diameter  of  one  centi- 
meter, the  retinal  image  has  a diameter  of  only  0.15  mm  or  1/12  of 
the  normal  diameter  of  the  optic  disk  and  thus  covering  only  about 
yi44  of  Its  service.  Under  such  conditions  the  eircum-papillarv 
brightness  of  the  diffused  light  may  be  clearly  seen.  ‘ 

If,  after  the  pupil  is  noted  in  this  test  the  source  of  light  be  made 
brigMer  the  pupil  will  contract  still  farther,  even  when  the  focus 
on  fte  optic  nerve  head  was  not  increased  in  size.  This  goes  to  prove 
that  the  circles  of  diffused  light  will  stimulate  the  pupil  to  contract 
even  when  the  image  of  the  light  lies  wholly  on  the  blind  spot.  By 
means  of  his  pupil  perimeter  Hess  was  able  to  prove  that  the  pupil  did 
not  contrart  when  the  image  of  the  light  was  focused  on  the  periphery 
0 6 retina,  but  that  as  soon  as  the  focus  was  permitted  to  fall 

m the  region  of  the  fovea  a distinct  contraction  of  the  pupil  was 
produced.  ^ ^ 

He  was  abk  further  to  prove  to  his  satisfaction  that  the  part 
of  the  retina  immediately  adjoining  the  optic  disk  was  not  supplied 
wth  pupillary  contracting  fibers.  In  the  area  which  is,  according 
to  his  experiments,  supplied  by  pupillomotor  fibers  the  pupil  did  not 
respond  any  more  actively  when  the  light  was  focused  in  one  part 
of  the  sensitive  area  than  any  other  part.  The  area  which  contains 
the  pupillomotor  fibers,  according  to  his  experiments,  embraces  a 
cmcular  zone  with  a diameter  of  less  than  6 mm.  with  the  fovea  at 

li'/rrV  “«  P«Pniomotor  areas  exist  outside 

tricaP  probably  lie  more  or  less  concen- 

cliide  th“t  rt,  ™ therefore  con- 

clude that  the  pupillomotor  area  of  the  retina  has  at  most  a radius 

p1  T Pnpilloscope  in  this  section.) 

upilUmotm-  fibers  m the  retina,  optic  nerve  and  optic  tract.  Spiller 

Ihik^  Spiller,  The  Eye  and  Nervous  System,  p.  1)  states  that 

e authorities  are  not  all  agreed  that  there  exist  differentiated 


PUPIL,  THE,  IN  HEALTH  AND  DISEASE  10733 

1161 V6  libcis  ill  tlie  rBtiiia,  optic  nerve  and.  tract  which  are  concerned 
in  conveying  the  light  stimulus  to  certain  brain  centers  and  incite 
a return  impulse  to  the  sphincter  pupillm,  there  is  a very  strong 
piesumption,  commonly  conceded,  that  such  a mechanism  must  really 
exist. 

Von  Guddeii,  Von  Bechterew  and  Reichardt  maintain  that  the 
thick  fibers  they  have  demonstrated  in  the  optic  nerve  and  optic 
tract  are  not  concerned  in  the  act  of  vision:  they  convey  centripetal 
impulses  to  the  pupillary  reflex  center.  Massaut  has  found  degen- 
erated coarse  fibers  in  the  optic  nerve  after  extirpating  the  iris  in 
rabbits  and  maintains  they  were  the  pupillomotor  fibers  that  had 
degenerated  as  a consequence  of  amputation  of  the  iris.  There  is 
^me  doubt  of  the  truth  of  this  observation  for  it  is  a logical  deduc- 
tion that  in  such  instances,  there  being  no  destruction  of  the  recipi- 
ent or  centripetal-conducting  fibers  in  the  retina,  the  impulse  to 
light  stimulus  was  conveyed  to  the  pupillary  center  and  that  no 
sueh  atrophy  or  degeneration  could  exist,  for  it  is  well  known  that 
degeneration  only  results  in  nerve  fibers  from  loss  of  function  and 
that  therefore  in  the  instance  cited  such  function  (conveyance  of 
stimulation  up  to  the  brain  center  and  down  to  the  amputated  end) 
was  not  abolished. 

If  it  can  be  proven  that  atrophy  of  the  visual  fibers  of  the  optic 
nerve  may  occur  to  produce  total  blindness  and  still  leave  the  pupil- 
lary fibers  of  the  retina  unaffected,  and  if  in  such  instance  it  can 
be  possible  to  produce  pupillary  reaction  through  light  stimulus 
directed  in  such  an  eye,  we  would  have  the  strongest  circumstantial 
proof  that  independent  “pupillary  reflex  fibers”  do  exist.  Reich- 
ardt  and  Piltz  as  cited  below  claim  this  has  been  proven.  There 
are  other  proofs  presented  to  satisfy  the  claims  that  independent 
pupillary  reflex  fibers  exist  in  the  retina  and  optic  nerve,  e.  g.,  in 
compression  of  the  optic  nerve  the  visual  function  is  affected 'be- 
fore the  pupil  reflex  shows  impairment,  which  goes  to  prove  that 
the  pupil  reflex  fibers  are  more  resistant  than  the  visual  fibers  in  the 
optic  nerve.  This  observation  seems  sustained  by  the  fact  reported 
by  Westphal,  viz.,  that  the  coarse  fibers  (pupillary  reflex  fibers) 
of  the  optic  nerve  receive  their  medullary  sheaths  sooner  than  the 
fine- ones  (visual  nerve  fibers)  and,  moreover,  that  when  an  acute 
optic  nerve  inflammation  recedes  it  is  a clinical  observation  that 
the  pupil  reaction  begins  to  return  somewhat  in  advance  of  the 
return  of  vision. 

Piltz,  who  has  written  extensively  on  this  subject,  described  a case 
in  which  there  was  positive  pupil  reaction  for  nine  years  in  a case  of 
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total  blindness,  and  others  have  noticed  pupil  reaction  better  in  the 

eye  that  was  nearly  blind  than  in  the  fellow  eye  that  still  possessed 
good  vision. 

Reichardt  has  observed  pupil  reaction  after  complete  blindness 
had  set  in.  The  converse  has  likewise  been  observed  and  reported, 
and  this  any  one  of  experience  will  concede,  viz.,  that  the  pupil 
may  be  fixed  in  spite  of  the  presence  of  perfectly  normal  vision  and 
accommodation.  We  see  this  in  tabes  and  allied  affections  and  this 
observation  may  be  argued  to  mean  that  there  is  in  such  cases  a 

lesion  of  the  pupillary  light  reflex  arc  which  in  no  way  affects  the 
visual  arc. 

The  coarse,  or  pupillomotor,  fibers  are  found  scattered  among  the 
fine  or  visual  fibers  in  the  optic  nerve  and  in  the  main  pursue  the  same 
course  as  far  as  the  external  geniculate  body  where  they  separate. 
It  is  believed  that  the  fibers  concerned  in  pupil  responses  that  origi- 
nate in  the  temple  side  of  the  retina  do  not  cross  over  but  remain  on 
the  same  side  like  the  visual  fibers  from  the  same  locality,  but  that 
those  on  the  nasal  side  cross  over  in  the  chiasm.  Support  to  this  be- 
lief IS  found  in  the  fact  that  in  clearly-cut  bitemporal  hemianopsia 
as  occasionally  found  in  cases  of  pituitary  disease,  careful  tests  with 
a beam  of  light  directed  against  the  nasal  wall  of  the  retina  does  not 
meet  with  pupil  response,  whereas  if  directed  against  the  temple 
wall  of  the  retina,  prompt  reaction  results.  (See  Wernicke’s  reac- 
tton  in  this  section.) 

After  reaching  the  corpora  quadrigemina  it  is  supposed  the  pupil- 
lary fibers  pass  on  to  the  anterior  colliculus  and  to  communicate 
with  the  stratum  zonale  of  the  pulvinar  of  the  ganglion  habenulffi, 
but  It  IS  not  known  if  this  is  true,  nor  indeed  if  there  exists  any  con- 
nection with  the  origin  of  the  motor  oculi  although  such  a connec- 
tion IS  highly  probable.  Much  seems  required  to  clear  up  this  in- 
teresting problem  and  when  the  pathway  is  finally  discovered  and 
proven,  we  may  then  be  able  to  interjiret  much  of  the  anomalous 
behavior  of  the  pupil  in  certain  abnormal  brain  states. 

. Pupilloscopc,  Hess’  differential.  Hess  {Archiv.  f.  Aug.,  80  p 
213)  uses  an  instrument  which  he  calls  his  differential  pupillo8(iope 
with  which  he^  can  find  the  effect  of  the  smallest  differences  of  light 
m^tensities  which  alter  the  size  of  the  pupil.  (See  Pupitlmnotar 
fibers  of  the  retina  in  this  section.) 

The  threshold  of  eieitation  of  the  pupil  by  light  influence  can- 
not be  determined  because  of  the  darkness  which  does  not  permit 
the  pupil  to  be  seen,  but  the  differential  threshold  of  sensi- 
bility of  pupil  response  to  light  can  be  studied  with  his  in- 
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struinent.  The  reaction  of  the  pupil  to  light  and  the  perception 
to  light  are  in  close  connection  but  not  identical.  He  reaf- 
firmed his  discovery  that  only  a small  circumfoveal  area  of  the  retina 
contains  pupillomotor  fibers  and  that  motor  excitability  rapidly  de- 
creases from  the  fovea  toward  the  periphery.  Furthermore  that 
the  pupil  reacted  to  the  light  throwm  on  the  periphery  because  the 
foveal  area  was  excited  by  reflection  and  diffusion  of  light  within 
the  confines  of  the  vitreous  chamber.  The  relation  between  vision 
and  pupil  action  is  not  maintained,  for  the  pupilloscope  demonstrated 
that  when  the  vision  was  reduced  to  counting  fingers  in  cases  of 
opacities  of  the  dioptric  media  the  pupil  may  respond  normally. 
The  clinical  value  of  this  observation  finds  its  greatest  application 
in  cases  of  cataract,  for  we  may  feel  assured  that  if  there  is  normal 
pupillary  response  there  is  great  probability  that  the  foveal  region 
is  unaffected. 

Hess  thinks  that  his  pupilloscope  is  the  only  positive  means  yet 
discovered  for  testing  the  visual  possibilities  of  the  fovea  in  cases  of 
cataract.  In  this  connection  Lt.  Col.  Henry  Smith  of  India  relies 
solely  upon  the  ready  response  of  the  pupil  to  light  in  determining 
the  operability  of  an  eye  possessed  of  a cataract.  Smith  also  main- 
tains that  there  is  a direct  and  intimate  connection  between  the 
response  of  the  pupil  and  visual  acuity  and  regards  the  test  to  be 
infallible. 

Hess  found  with  his  pupilloscope  that  in  normal  youthful  eyes 
there  was  a quick  and  ready  response  to  the  smallest  differences  of 
intensities  of  light,  while  in  the  aged  the  response  was  tardy,  which 
latter  he  attributes  to  the  diminished  elasticity  of  the  tissue  of  the 
iris  in  the  aged.  He  refers  to  the  value  of  his  pupilloraeter  test  in 
detecting  oncoming  iridoplegia  long  before  the  actual  onset  of  the 
disease  in  cases  of  tabes  and  paresis. 

In  a case  of  total  blindness  in  one  eye  since  childhood  where  a 
normal  fundus  existed  he  found  with  his  pupilloscope  a normal 
motor  differentia]  sensibility,  thus  proving  that  in  a perfectly  blind 
eye  the  pupillary  reaction  may  be  the  same  as  in  the  normal  eye. 

Pupil  stop  in  skiascopy.  E.  Jackson  (Ophthal.  Rec.,  Dec.,  1905) 
observes  that  accurate  skiascopy  depends  upon  obtaining  a small 
and  definite  light  area  on  the  retina.  The  dilated  pupil,  which  is 
present  whenever  a cycloplegic  has  been  used,  permits,  as  the  point 
of  reversal  of  the  shadow  is  approached,  a confusing  play  of  shad- 
ows due  to  the  central  and  the  pupillary  zone  of  aberration  influ- 
encing the  reflection  rays  differently,  thus  giving  rise  to  “scissors 
movement”  and  the  broken-up  appearance  of  irregular  astigmatism. 
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Since  the  irregularities  of  refraction  are  much  greater  in  the  per 
ipheiy  of  the  pupil  than  near  the  center,  and  since,  too,  the  non 
dilated  pupil  cuts  olf  much  of  the  spherical  aberration  (in  fact  dur- 
ing the  act  of  convergence  and  accommodation  the  pupil  is  so  con 
tracted  that  the  aberration  referred  to  is  rendered  negligible)  it  is 
sirable  to  estimate  the  refraction  during  complete  suspension  nf 
accommodation  aa  effected  with  a eycloplegic  and  at  the  same  timf 
do  this  through  a pupil  space  not  enlarged,  if  that  is  possible  Jack 
son  states,  The  smaller  the  pupil  the  smaller  and  more  definite  is 
the  light  area  under  observation  and  the  greater  the  possibility  of 

estimate  the  advanced  presbyopes  it  is  possible  to 

estimate  the  refraction  accurately  through  the  pupil  undilated  with 

fnd^^^'T"’  t’’  accommodation  role  is  lost.  In  younger 

individuals  who  possess  active  and  powerful  ciliary  muscles  a cyelo- 

p epe  IS  necessary  in  order  to  ascertain  the  exact  anomaly  bufthe 
dilated  pupil  always  accompanies  cycloplegia  and  in  ordei^  to  shut- 
the  annoying  aberration  present  in  these  eases  when  the  shadot 


Jackson’s  Pupil  Stop. 

test  IS  being  applied,  Jackson  recommends  his  “pupil-stop”  shown 
the  accompanying  illustration.  The  circular  openings  in  the  bar 

ivelTfttr  “t‘'':-7‘  -pect- 

C n^’-i  skiascopy  work  can  be  done  through 

a pupil  of  either  of  these  sizes.  The  ring  around  each  opening  in  the 

pupil  P®”P>'«>-y  of  fto  dilated 

In  using  this  device  Jackson  recommends  that  it  be  held  bv  the 

: "k  steadied  aiils 

It  ^ h h T.”'  “'-or  is  held  before  hi^  own 

y th  his  right  hand.  The  stop  is  held  quite  close  to  the  patient’s 

the  TpiT  correspond  to  the  exact  center  of 

position  is  secured  by  observing  before  hand 

PUpU  Indir  ""Ti"  ““‘or  of  the 

LLd  r®  ’’  1 ‘*'0  corneal  reflex  is  main- 

Ifforl  t maf  *Yi,T"i,  **  '“«o  proportion  of  cases  it 

^ords  no  material  help  but  in  some  cases  it  is  of  considerable  value 
in  promoting  accuracy,” 

Pml  stop  as  an  aid  in  refraction  work.  A.  B.  Mason  (Ophtlial. 
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Rec.,  Jan.,  1915)  acting  upon  the  advice  given  by  Thorington  that 
m the  shadow  test  it  is  desirable  to  watcli  for  the  movement  of  the 
illumination  “through  a 4 or  5 mm.  area  at  the  apex  of  the  cornea 
in  order  to  estimate  the  refraction  properly,”  has  devised  the  pupil- 
lary disk  shown  in  the  accompanying  cut.  This  disk  is  used  to  elim- 
inate spherical  aberration  which  confounds  the  test  after  the  pupils 
are  dilated  with  the  cycloplegic.  The  method  recommended  is  to 
measure  the  pupil  before  the  cycloplegic  is  used  and  note  the  size 
of  the  aperture  that  will  correspond.  Then  proceed  with  the  cyclo- 
plegic drops  and  after  paralysis  of  accommodation  is  complete  and 
the  pupil  IS  widely  dilated,  to  insert  the  pupillary  disk  in  the  trial 
frame  using  the  aperture  which  corresponds  to  the  natural  size  of 


A.  B.  Mason's  Pupillary  Disk. 


the  pupil  as  determined  beforehand.  The  shadow  test  is  worked 
through  the  aperture  and  the  correcting  lenses  applied 
Mason’s  argument  in  brief  is  that  since  the  pupil  ’ having  a di- 
ameter of  4 mm.  has  an  area  of  12.566  sq.  mm.,  and  the  same  dilated 

there  is  an  area  of 

3/. 699  (the  difference  between  these  areas)  which,  being  in  prepon- 
derance and  exposing  a ring  of  red  shine  corresponding  to  the  parts 
0 the  lens  that  possesses  the  power  of  aberrating  the  rays  there  is 
as  a consequence  in  this  test,  a confusion  of  shadows  elicited  which 
impairs  the  accuracy  of  the  test  and  tends  to  yield  incorrect  results. 

IS  previous  pupillary  disk'  mentioned  in  Ophthalmic,  Rctw'd, 
Dec.,  1912,  is^  recalled  as  being  too  thick  and  clumsy.  The  one 
s own  herein  is  faultless  and  does  not  interfere  with  the  placement 
of  lenses,  both  spheric  and  cylindric  if  inserted  in  the  middle  clip 
of  the  trial  frame  with  the  revolving-disk-side  back.  The  revolving 
disk  has  four  apertures,  3,  4,  5 and  8 mm.  respectively  and  there  is 
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provided  an  axis  pointer  which  assists  in  the  test.  Mason  refracted 
100  Cases  with  and  without  the  use  of  this  pupil  stop  and  reports  the 
following  results: 

Same  vision  with  same  correction  10  cases. 

Same  vision  with  different  correction  29  cases. 

Better  vision  with  same  correction  32  cases. 

Better  vision  with  different  correction  29  cases. 

Thus,  he  claims  either  better  vision  or  better  lens  correction  was 
found  in  90  per  cent,  of  these  cases  by  the  aid  of  this  instrument 
and  a different  correction  was  found  in  over  50  per  cent,  of  the 
cases.  He  mentions  the  value  of  the  disk  in  compelling  the  patient 
to  look  straight  through  the  center  of  the  correcting  lenses  and  not 
be  peering  askance  and  ducking  as  they  are  wont  to  do  when  this 
disk  is  not  used.  He  concludes  by  stating  he  believes  it  is  just  as 
important  to  eliminate  spherical  aberration  through  the  dilated  pupil 
as  it  is  to  paralyze  the  muscle  of  accommodation  in  our  refraction 
work. 

Quinine  blindness.  deSchweinitz  (Knapp’s  ArcJiiv.,  March,  1910 
p.  101)  reports  a case  of  quinine  blindness  in  a man  who  presented 
grayish-green  atrophy  of  the  optic  disks  and  a concentric  contrac- 
tion of  the  visual  fields  to  within  10  and  20  degrees  of  the  center. 
The  pupils  in  this  ease  were  normal  in  reaction.  This  finding  tends 
to  support  Hess’  theory  that  the  pupillomotor  fibers  in  the  retina 
exist  only  in  a small  area  (3°  radius)  in  the  macular  region. 

Quinine  in  large  doses  causes  in  some  instances  an  acute  primary 
atrophy  of  the  optic  nerve.  Associated  with  this  is  more  or  less 
profound  amblyopia  usually  involving  the  center  of  the  visual  field 
and  expressed,  as  a central  scotoma.  In  one  instance  the  writer  of 
this  section  discovered  a paracentral  or  ring  scotoma.  The  pupils 
are  usually  dilated  somewhat  and  they  react  feebly  to  the  light. 

Rabies,  Pathognomonic  contraction.  Coakley,  of  Chicago  (Trans. 
Ophthal.  Sec.^  N.  Y.  Acad.  Med.,  April  15,  1907,  Knapp’s  Archiv., 
Vol.  XXXVI,  No.  5,  p.  725)  examined  one  hundred  and  fourteen 
rabid  dogs  and  found  pin-hole  contraction  of  one  or  both  pupils, 
which  persisted  to  within  a few  hours  of  death.  He  observed  hun- 
dreds of  sick  cats,  dogs,  rabbits,  etc.,  and  none  presented  contracted 
pupils  excepting  those  affected  with  rabies.  H.  K.  Miller,  of  the 
N.  Y.  Canine  Infirmary,  agrees  that  this  symptom  is-  peculiar  to 
rabies  alone,  Coakley  therefore  believes  contracted  pupils  in  a sus- 
picious canine  is  a pathognomonic  sign  of  rabies. 

Reaction  of  the  pupil.  It  is  customary  to  state  that  the  normal 
pupil  reacts  to  light.  By  this  is  understood  that  a contraction  of  the 
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sphincter  iridis  follows  the  impulse  of  light  on  the  retina.  This  reac- 
tion has  been  fully  discussed  and  explained  in  this  section  under 
Physiology  of  the  pupil.  But  it  is  just  as  true  and  as  scientific  to 
state  that  the  normal  pupil  reacts  to  darkness,  for  the  dilator  pupillai 
is  stimulated  in  darkness  and  the  normal  pupil  expands  to  the  limit 
in  the  absence  of  light.  Dilatation  of  the  pupil  in  darkness  is  brought 
about  by  inhibition  of  the  pupillomotor  afferent  and  efferent  path- 
ways causing  relaxation  of  the  sphincter,  aided  by  stimulation  of  the 
dilator  pupillae  fibers  in  the  iris  from  impulse  travelling  along  the 
course  of  the  cervical  sympathetic  pathway.  Just  how  this  dilating 
impulse  travels  is  not  so  well  known  but  it  is  probable  that  the  im- 
pression created  by  darkness  on  the  retina  is  conveyed  along  an  in- 
tracerebral chain  of  neurons  to  centers  in  the  medulla  and  finally 
to  the  ciliospinal  center  in  the  cord,  from  which  latter  the  sympa- 
thetic fibers  have  their  origin.  The  various  normal  reactions  of  the 
pupil  are  explained  elsewhere  in  this  section  (see  Direct,  Indirect 
or  conseTisii-al,  Associate,  Psychic  and  Sensory  reaction). 

These  reactions  have  been  studied  as  regards  their  clinical  signifi- 
cance so  that  any  pupillary  inequality,  abnormal  reaction,  dilatation, 
contraction  or  rebounding,  arouses  in  the  mind  of  the  physician  the 
suspicion  of  either  local  or  cerebro-spinal  disease,  and  a valuable 
clue  as  to  the  patient’s  condition  is  at  once  afforded.  In  the  case  of 
poisons  or  unconscious  states  from  any  cause  the  condition  and 
behavior  of  the  pupils  are  the  most  valuable  practical  symptoms  we 
have  at  our  command  in  determining  the  true  state  of  the  patient. 

Reactions  after  optic  neurectomy.  Schreiber  {Arch,  of  Ophthal, 
LXI,  3,  p.  570)  found  after  severing  the  optic  nerves  in  rabbits, 
both  as  regards  its  orbital  and  intracranial  position,  that  by  squeez- 
ing its  ears  together  at  the  roots  the  pupils  contracted. 

In  these  same  rabbits  the  pupil  would  contract  upon  irritating 
the  cornea  or  forcibly  opening  and  closing  the  eyes.  We  must 
assign  the  reaction  to  some  influence  other  than  the  effect  of  light, 
for  blindness  was  total.  No  doubt  the  contraction  was  cortical 
through  the  pathway  of  the  third  nerve  which  was  uninjured.  Maxi- 
mum dilatation  of  the  pupils  could  bo  induced  by  slapping  the  rab- 
bit’s abdomen.  This  was  doubtless  due  to  stimulation  of  the  sym- 
pathetic. 

Red  shine.  Pupils  that  shine  in  the  dark.  Occasionally  one  of  the 
laity  will  exclaim,  “your  pupil  shines  like  fire.”  This  phenomenon 
ha.s  been  noted  in  the  open  air  but  more  frequently  in  a room  lighted 
artificially.  It  is  the  so-called  “red  reflex”  which  we  see  more  bril- 
liantly demonstrated  with  the  ophthalmoscopic  mirror  and  is  but 
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the  reflected  light  from  the  choroidal  circulation  which  enters  the 
obsei-ver’s  eye.  Our  pupils  ordinarily  appear  black  because  the 
only  reflected  rays  that  will  elicit  the  red  shine  are  those  that  pur- 
sue m their  reflection  from  the  bottom  of  the  eye  the  same  path  which 
they  took  m entering.  Our  own  eyes  not  being  sources  of  illumina- 
tion can  not  see  the  direct  ray  for  that  is  sent  back  to  the  real  source 
of  illumination,  be  it  a candle  flame,  arc  light  or  what  not.  The 
pupil  appears  black  for  the  reason  that  no  rays  are  emitted  from  the 
bottom  of  the  eye  other  than  the  direct  rays  just  mentioned.  When 
we  peep  through  the  hole  in  the  ophthalmoscopic  mirror  we  see  these 
direct  rays  reflected  back  to  the  source  of  illumination  and  the  punil 
appears  to  “shine  like  fire.”  How  then  can  we  explain  the  occa- 
sional glint  that  we  note  in  the  pupil  when  we  are  not  usino-  this 
mirror  or  a similar  device? 

If  a person  is  in  a dark  place,  like  a cellar,  and  you  look  in  through 
the  only  window  at  his  face  you  will  see  his  pupils  shine  because  the 
sky  back  of  your  head  is  the  source  of  illumination  and  your  own 
eyes  catch,”  as  it  were,  the  directly  reflected  light  from  his  pupils 
which  thus  appear  to  shine. 

Occasionally  too,  in  a room  lighted  by  artificial  lights,  while  you 
are  wearing  your  flat  lenses  the  light  is  reflected  into  your  com- 
panion s eye  from  the  surface  of  your  own  spectacle  lens  and  you 
again  catch  the  directly  reflected  rays  and  his  pupil  shines.  In- 
deed, Helmholz  first  took  several  pieces  of  flat  window  glass  and  re- 
flected the  light  purposely  in  a patient’s  eye  looking  with  his  own 
eye  through  the  clear  glass  to  study  this  red  shine.  Seeing  the  red  re- 
flex he  was  led  to  suppose  that  by  holding  in  front  of  the  eye  a convex 
lens  of  two  inches  focus  he  would  be  able  to  see  the  fundus.  This  he 
did  and  this  was  the  first  ophthalmoscope.  But  while  the  above  may 
stand  as  being  true  as  regards  the  human  eye,  we  must  concede  that 
the  argument  will  not  stand  in  reference  to  animal’s  eyes  which  ap- 
pear to  shine  regardless  of  the  source  of  illumination.  Indeed  they 
seem  to  shine  from  power  which  is  possessed  within  the  eye  of  the 

animal  itself.  (See  Cat-like  refulgence,  also  AlUni^  in  this  sec- 
tion.) 

The  red  shine  in  the  eyes  of  ruminants  and  pachyderms  is  due  to 
an  anatommal  structure  in  their  retina  of  which  the  human  possesses 
only  a vestige  (the  elastic  layer  of  Sattler)  being  the  so-caUed  tapetum 
or  in  the  case  of  animals  just  mentioned,  the  tapetum  fibrosum,  in 
carnivora  called  the  tapetum  cellulosmn.  “The  pigment  of  th!e 
retina  being  wanting  over  certain  definite  areas,  light  falls  upon  this 
opaque  layer  and  is  totally  reflected  at  certain  angles  causing  a lus- 
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trous  iridescence  that  gives  rise  to  the  popular  belief  that  the  eyes 
of  animals  may  shine  in  the  dark.”  The  iridescence  is  caused  by 
slight  irregularities  of  the  reflecting  surfaces  being  an  interference 
phenomenon  that  is  seen  in  mother-of-pearl.  (Baker  in  Norris  and 
Oliver’s  System  of  Diseases  of  the  Eye.) 

Reflex  contraction,  Studies  in.  Starke  {Nederland,  Tydschr.  voor 
Geneesk.,  1909,  Bd.  II,  No.  15)  postulates  the  general  law  well  known 
in  neurologj^  that  “the  higher  the  nerve  tract  the  greater  is  the 
energy  released.”  He  then  calls  attention  to  there  being  two  funda- 
mentally different  systems  acting  upon  the  sphincter  pupill®:  (1) 
the  lower  tract  connected  with  the  corpora  quadrigemina,  and  (2) 
the  higher  with  the  pulvinar  thalami  optici.  “When  the  attention  is 
associated  with  light  stimulus  both  systems  are  energized  and  we 
have  the  strongest  physiological  contraction  of  the  pupils.  The  re- 
flexes from  accommodation,  convergence  and  light  travel  via  quad- 
rigeminal tract  and  everything  that  detracts  the  attention  inhibits  ■ 
these  reflexes  and  act  to  dilate  the  pupils. 

Reflex  pathways,  Pupillary.  According  to  C.  Barck  {Ann. 
Ophthal.,  Jan.,  1915,  Vol.  XXIV,  No.  1,  p.  39)  we  owe  the  exact 
knowledge  of  the  pathway  of  the  pupillary  fibers  to  the  researches 
and  elaborate  experiments  of  Bernheimer  (1899).  He  proved  that 
not  only  the  visual  but  also  the  pupillary  fibers  undergo  a semi- 
decussation so  that  each  eye  sends  pupillary  fibers  to  both  reflex 
centers.  The  course  is  as  follows:  They  run  in  conjunction  with 
the  visual  fibers  into  the  lateral  geniculate  bodies.  There  they  de- 
part from  the  visual  fibers,  run  along  the  inner  border  of  the  inferior 
corpus  quadrigeminum  where  they  form  a compact  stratum.  This 
stratum  runs  in  a curve  convexly  upward  to  the  superior  corpus 
quadrigeminum  and  enters  its  substance  in  the  form  of  a fan.  There, 
in  the  superior  corpus  quadrigeminum  we  have  the  reflex  center. 

Bernheimer  was  furthermore  the  first  to  prove  anatomically  the 
connection  between  this  center  and  the  nucleus  of  the  third  nerve. 
Out  of  the  superior  corpus  quadrigeminum  connecting  fibers  run 
around  the  lateral  wall  of  the  aqueduct  of  Sylvius  to  the  nucleus  of 
the  motor  oculi  which  is  located  just  below  the  aqueduct.  Bem- 
heimer  supposes  that  the  nuclei  of  the  third  nerves  are  also  united 
by  communicating  fibers.  If  this  is  true,  there  exists  a two-fold 
po.ssibility  by  which  irritation  of  one  eye  can  produce  a pupillaiy 

reflex  of  the  fellow  eye.  (See  Physiology  of  the  pupil  in  this  sec- 
tion.) 

Retinal  circulation,  influence  wi  the  pupil.  Bach  says  changes  in 
the  retinal  vessels,  especially  the  arterial,  with  consecutive  atrophy 
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cause  decrease  in  the  pupillary  light  reflex.  When  the  blood  supply  of 
the  retina  is  cut  off  by  the  plugging  of  the  central  artery  the  light  re- 
flex disappears  with  the  loss  of  sight.  If  one  or  more  branches  are 
affected  light  thrown  on  the  affected  area  causes  a poor  reaction  of  the 
pupil.  Hemorrhages  in  the  macula  act  like  central  chorioretinitis, 
though  two  cases  of  fresh  macular  hemorrhage  were  noted  where 
no  change  in  size  or  reaction  of  pupil  could  be  made  out.  (See  Em- 
holism  of  the  central  artery  in  this  section.) 

Retinitis  pigmentosa.  Bach  states  that  in  retinitis  pigmentosa 
the  light  reaction  is  decreased,  and  more  so  when  the  light  is  thrown 
on  the  periphery  than  when  it  is  thrown  on  the  macula.  The  nature 
of  the  visual  field  in  retinitis  pigmentosa,  together  with  the  common 
symptom,  night-blindness,  explain  the  dilatation  in  dim  light  noted 
in  these  cases. 

Retrobulbar  optic  neuritis.  Bach  states  that  in  retrobulbar  neu- 
ritis the  pupil  of  the  affected  side  is  as  a rule  slightly  larger.  The 
direct  reaction  to  light  in  the  affected  eye  and  the  indirect  reaction 
from  the  other  eye  is  decreased.  In  one  case  an  increase  of  light 
reaction  preceded  by  three  days  an  increase  of  visual  acuity. 

Tarle  {Klin.  Mon.  f.  Aug.,  Vol.  LIV,  p.  412)  reports  twenty-nine 
cases  of  acute  retrobulbar  neuritis  among  whom  he  found  eight  pre- 
senting inequality  of  the  pupils.  Among  these  only  four  had  one 
eye  affected.  (See  Multiple  neuritis  in  this  section.) 

Retroflexion  of  the  iris,  Complete.  Hubbell,  of  BuKulo, {Ophthal 
Rec.,  Aug.,  1901,  p.  421)  reported  the  case  of  a patient  who  had 
fallen  from  a wagon  striking  the  left  side  of  his  head  on  the  pave- 
ment causing  hematoma  of  the  eyelids,  ehemosis,  hazy  cornea, 
hyphemia,  hypotonia,  etc.,  but  no  laceration  or  abrasion  of  the  con- 
.junctiva  or  cornea.  ^Vhen  the  blood  disappeared  from  the  anterior 
chamber  there  was  found  no  trace  whatever  of  the  iris,  ciliary  body 
or  lens.  The  fundus  was  perfectly  normal.  The  vision  was  20/50 
with  a -f  ll.OD  lens.  Consultation  with  other  ophthalmologists  re- 
sulted in  the  belief  that  the  lens  had  been  absorbed  and  that  the 
ins  had  been  retroflected  throughout  its  whole  extent.  (See  Pec- 
tinate ligament  in  this  section.) 

Rib,  Sympathetic  paralysis  from  cervical.  Mayou  {Ophthalmo- 
scope, June,  1916)  reported  two  eases  of  paralysis  of  the  sympathetic 
associated  with  cervical  rib.  The  first  was  a girl  of  nine  years  who 
presented  miosis  and  ptosis  of  the  right  eye  with  enophthalmos  and 
diminished  sweating  on  the  right  side.  The  second  was  a female  of 
forty-six  years  presenting  the  same  symptoms  referable  to  the  left 
eye.  Coeain  solution  failed  to  dilate  the  pupil  in  this  case.  In 
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each,  the  X-ra<y  revealed  the  presence  of  a cervical  rib  on  the  affected 
side,  (See  Broxmv-Seq'iiard  paralysis  in  this  section.) 

RigidUy.  By  rigidity  is  understood  loss  of  pupil  reaction  to  the 
light  but  retained  reaction  to  convergence  and  accommodation.  The 
pupil  may  be  rigid  while  dilated,  rigid  while  contracted  or,  indeed, 
rigid  while  neither  dilated  nor  contracted.  The  presence  of  a pupil- 
lary reflex  center  has  been  questioned  because  of  the  fact  that  in 
cases  of  rigidity  the  region  described  as  being  the  location  of  the 
nucleus  of  reflex  pupil  contraction  was  found  to  be  entirely  normal 
(anterior  colliculi  of  the  corpora  quadrigemina).  Moreover,  that  the 
entire  corpora  quadrigemina  have  been  found  diseased  and  the  pa- 
tient in  vivo  presented  intact  pupils,  and  again  in  cases  of  ophthal- 
moplegia interna  over  many  years  duration  that  finally  went  to  the 
post  mortem  table,  it  was  found  that  the  corpora  quadrigemina  and 
also  the  Edinger-Westphal  nuclei  were  entirely  normal.  These  ob- 
servations and  others  of  like  nature  have  led  Reichart  to  believe  that 
independent  rigidity  of  the  pupil  has  no  cerebral  significance  but 
that  it  is  a sign  of  disease  located  in  the  spinal  cord. 

The  experiments  and  observations  of  Wolff  {Archiv.  f.  Psychiatry, 
Vol.  XXXII,  No.  1,  p.  57)  proves  that  the  rigidity  of  the  pupils  is 
due  to  degeneration  of  the  posterior  columns  in  the  upper  cervical 
region. 

Rigidity  of  the  pupils  has  been  definitely  produced  experimen- 
tally by  bilateral  division  of  the  medulla  oblongata  at  the  spinal  end 
of  the  fourth  ventricle,  and  division  of  the  medulla  on  the  right  side 
at  this  point  has  caused  rigidity  of  the  left  pupil  while  the  right 
pupil  remained  normal. 

Exposing  the  medulla  oblongata  and  without  injuring  it  will  di- 
minish or  even  abolish  pupil  reaction  for  a short  time,  but  if  a cut 
be  made  in  the  middle  of  the  fourth  ventricle  on  each  side  in  the 
upper  part  of  the  medulla  this  rigidity  promptly  disappears.  This 
goes  to  show  that  there  is  a center  at  the  spinal  end  of  the  fourth 
ventricle  which  acts  as  an  inhibitory  center  for  pupil  reaction  to 
light  and  from  this  we  may  argue  that  there  are  two  reflex  arcs  for 
pupil  reaction ; one  passing  through  the  corpora  quadrigemina  and 
the  other  through  the  spinal  end  of  the  fourth  ventricle  close  to  the 
respiratory  center.  (Posey  and  Spiller,  The  Eye  and  Nervous  Sys- 
tem, p,  15.) 

It  is  most  likely  therefore  that  in  those  cases  of  pupil  rigidity  in 
whom  the  corpora  quadrigemina  and  adjacent  nuclei  were  found 
normal  the  pathology  involved  the  nuclei  located  in  the  spinal  end 
of  the  fourth  ventricle.  (See  Pathology  in  this  section.) 
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Rupture  of  the  iris,  Indirect.  Levinsohn  {Arch,  of  Ophth.,  Vol. 
XXXII,  No.  2,  p.  134)  studied  the  effect  of  contusions  on  the  eye 
in  which  the  outer  coat  was  not  ruptured,  but  where  there  had  been 
a blow  on  the  ball  which  caused  a momentary  indentation.  Ruptures 
of  the  iris  were  very  common  in  this  kind  pf  injury,  the  most  fre- 
quent being  at  the  pupillary  margin.  The  effect  is  dilatation  of  the 
pupil,  and  this  dilatation  is  generally  elliptical  in  form.  It  is  not 
known  whether  these  lacerations  at  the  sphincter  margin  of  the  iris 
are  due  to  the  back-kick  of  the  aqueous  which  lies  behind  the  iris,  or 
whether  there  is  forcible  dilatation  of  the  pupil  during  contraction 
impulses  causing  rupture  of  the  sphincter.  In  almost  every  case  the 
pupil  is  seen  to  be  dilated  immediately  after  the  injury,  but  in  the 
course  of  time  the  dilatation  is  less  pronounced.  The  anatomical  ar- 
rangement of  the  fibers  of  the  dilator  pupillae  favors  their  defense 
when  a blow  is  sustained  on  the  eyeball,  and  the  conyerse  is  true  re- 
garding the  circular  muscle,  for  the  strain  comes  heavily  on  the  lat- 
ter. The  effect  of  such  a blow  must  also  tend  to  paralyze  the  nerves 
supplying  the  iris.  This  is  proven  by  the  effect  of  mydriatics  which 
in  a non-injured  eye  causes  the  paralyzed  pupil  to  dilate  still  fur- 
ther, but  in  an  eye  that  has  sustained  a direct  injury  of  the  kind 
referred  to,  the  pupil  does  not  dilate  in  the  same  manner.  It  is  not 
unusual  to  find  the  pupil  dilated  slightly  after  such  an  injury  for 
the  balance  of  the  patient’s  life,  but  it  reacts  to  the  light  in  most 
cases.  Moreover,  the  contour  of  the  pupil  is  usually  permanently 
deformed.  A peculiar  reaction  to  eserin  has  been  observed,  the  drug 
causing  the  pupil  to  dilate  still  further,  the  explanation  of  this 
paradoxical  action  is  that  there  was  complete  paralysis  of  the  sphinc- 
ter and  hence  eserin  could  not  cause  it  to  contract,  but  by  stimu- 
lating the  dilator  fibers  may  cause  the  pupil  to  dilate. 

Levinsohn  finally  concludes  that  in  this  class  of  injuries  there  is  a 
marked  paralysis  of  the  sphincter  and  a less  marked  transitory  paral- 
ysis of  the  dilator  muscles  of  the  iris ; the  latter  recovering  fully, 
the  former  partially  in  the  course  of  time. 

Sweet  {Ophthal.  Rec.,  July,  1901)  draws  a distinction  between 
mydriasis  due  to  paralysis  of  the  sphincter  from  peripheral  stun- 
ning of  the  nerve  fibers  supplying  the  iris,  and  mydriasis  due  to 
rupture  or  laceration  of  the  sphincter  which  breaks  its  continuity. 
Many  cases  of  both  kinds  of  mydriasis  are  reported.  Sweet’s  case 
showing  a gaping  rupture  or  laceration  of  the  sphincter  is  well  illus- 
trated in  the  accompanying  illustration.  The  man,  age  58,  was  struck 
obliquely  across  the  orbit  and  mallar  bone  at  an  angle  of  135  de- 
grees by  a falling  bed  post.  The  pupil  measured  5 mm,  in  its  short- 
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est  diameter  aiid  ly^  mm.  in  the  angle  of  135°.  The  lens  was  found 
dislocated  in  the  floor  of  the  vitreous  chamber. 

Salvarsan.  Posey  {Trmis.  Wills  Hosp.  Ophth.  Soa.,  Feb.  6,  1911) 
reported  the  case  of  a syphilitic  whose  pupils  were  occluded  by  dense 
sjuiechise  with  partial  iris  bombe  and  plus  tension.  The  vision  was 
gradually  reduced  (Angers  at  three  feet),  antispeciflc  treatment  had 
been  used  without  avail  and  no  improvement  occurred  from  local 
or  constitutional  treatment.  The  patient,  a woman  aged  twenty-two, 
was  then  given  salvarsan  intravenously  and  after  forty-eight  hours 
great  improvement  set  in.  In  four  days  the  eyes  were  free  from  in- 
flammation and  the  vision  greatly  improved. 


Sweet’s  Rupture  of  tlie  Iris  at  Pupillary  Border. 


deSchweinitz  {Trans.  Phila.  Col.  of  Phys.,  Ophth.  Sec.,  Oct.  20, 
1910)  reported  a case  of  gummatous  iritis  with  pupil  disturbance 
which  was  rapidly  cured  by  the  intravenous  injection  of  salvarsan. 

Loeb  (Ann.  Ophth.,  July,  1914)  noticed  a violent  recrudescence 
of  inflammation  of  the  iris  following  one  injection  of  salvarsan  in  a 
positive  case  of  syphilis  in  a young  woman.  There  were  about  one 
dozen  reddish  elevations  in  a circular  arrangement  around  the  mar- 
gin of  the  pupil  which  we  are  led  to  suppose  were  miliary  gum- 
mata.  The  recovery  promptly  occurred  after  the  administration  of 
mercury  and  KI.  The  gummatous  iritis  occurred  four  months  after 
the  injection  of  salvarsan.  The  frequent  occurrence  of  optic  neuri- 
tis and  con.sequent  atrophy  and  blindness  after  the  use  of  salvarsan 
in  eases  of  syphilitic  lesions  of  the  iris  has  led  to  much  caution  in 
its  employment  for  intraocular  syphilis.  (See  Arsenical  neuritis  in 
this  section.) 
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Sarcoma  of  the  choroid,  The  appearance  of  the  pupil  in.  It  is  not 
unusual  for  melanotic^  cancer  of  the  choroid  to  grow  forward,  dis- 
place the  root  of  the  iris  and  cause  flattened  pupil  on  that  side ; with 
this  soon  occurs  cataract  and  increased  tension.  Cases  of  sarcoma 
of  the  ciliary  which  have  grown  around  the  lens  and  presented  in 
the  pupil  have  been  reported. 

Scotoma.  The  pupils  in  large  central  scotoma  are  usually  dilated. 
The  patient  soon  acquires  a confirmed  eccentric  fixation  and  the  ac- 
commodation is  not  used.  The  pupils  are  dilated  but  react  somewhat 
to  the  light. 

Scotoma,  Scintillating.  Swift  {Jour,  of  Ophth.  and  Lary.,  May, 
1916,  Vol.  X,  No.  5,  p.  137)  states  that  he  has  noticed  dilated  pupils 
in  this  disease.  He  believes  the  dilatation  is  due  to  fear  and  that 
it  is  therefore  psychic. 

Seclusio-pupillce.  This  is  a'  term  used  to  express  complete  adhe- 
sion between  the  pupillary  margin  and  the  lens,  without  organized  ' 
lymph  in  the  pupil  space.  It  is  to  be  taken  as  evidence  of  a recur-  i 
rent  plastic  iritis.  | 

Sclerosis,  Posteriolateral.  The  pupils  are  usually  normal  in  this  •; 
disease.  Weisenburg  (Posey  and  Spiller,  p.  502)  found  them  equal  I 
in  size  and  normal  in  reaction.  But  Gowers  {Disease  of  Nervous  ; 
System,  Vol.  I,  p.  506)  has  obseiwed  rigidity  of  the  pupils  to  light 
in  three  cases,  and  in  one  case  there  was  loss  of  accommodation-reac-  1 
tion  and  retention  of  reaction  to  light.  It  is  thought  that  when  the  j 
pupils  show  abnormal  behavior  in  this  disease  there  is  a syphilitic  | 
infection  present.  j 

See-saw  pupils.  Geronne  {Zeitschr.  f.  klin.  Med.,  No.  50,  p.  377)  , 

observed  difference  in  the  size  of  the  pupils  with  prompt  reaction  in  j 
a patient  with  mitral  stenosis  and  insufficiency.  At  one  time  the  left 
pupil  was  the  larger ; at  another  time  the  right  pupil  was  the  larger.  : 
This  change  was  frequently  observed,  and  at  other  times  the  pupils  • 
would  be  of  the  same  size.  He  ascribes  the  phenomenon  to  the  influ-  ' 
ence  of  the  abnormal  heart  on  the  cardiac  branches  of  the  sympa- 
thetic nerves.  (See  Cardiopathies,  also  Springende  and  Changing  i 
pupils  in  this  section.) 

Sensory  reflex.  Reaction  of  the  pupil  to  psychical  and  sensory  stim- 
uli. Heubner  {Arch.  f.  Phsych.,  XLI,  p.  1016)  found  that  nearly 
every  profound  psychical  process  was  accompanied  by  dilatation  of 
the  pupil.  The  pupils  will  also  dilate  when  painful  pressure  is  made 
on  organicallj'  diseased  parts  but  this  latter  reaction  does  not  take 
place  in  psychogenetic  pain.  This  test  ma}^  therefore  be  employed 
to  establish  a definite  diagnosis  between  organic  and  psychogenetic 
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pain.  The  pupils  in  tabes  do  not  dilate  when  the  neck  is  pinched 
or  on  painful  pressure  on  an  inflamed  part.  This  is  not  to  be  won- 
dered at,  for  the  sympathetic  pupillary  fibers  are  paralyzed  in  ta- 
betics. (See  Trigeminus-facial  pupillary  reflex.) 

Senility.  D.  W.  Greene  {Ophthalmology,  Jan.,  1908)  reported  on 
his  findings  as  regards  many  conditions  of  the  eyes  of  500  retired 
soldiers  past  60  years  of  age,  inmates  of  the  National  Military  Home 
at  Dayton,  Ohio,  and  he  also  noticed  the  following  as  regards  their 
pupils:  The  inter-pupillary  distance  measured  62  mm.  The  aver- 
age size  of  the  pupil  was  3.3  mm.  The  dilatability  of  the  pupil  with 
one  per  cent,  solution  of  homatropin  was  exactly  twice  the  normal 
size,  e.  g.,  if  the  pupil  measured  3.5  mm.  before  dilatation  it  would 
measure  7 mm.  after,  etc.,  but  if  the  individual  was  over  70  years 
of  age  the  pupil  would  not  dilate  to  quite  double  the  normal  size, 
e.  g.,  a 3 mm.  pupil  would  dilate  to  5 mm.  in  diameter.  This  was  not 
always  the  case.  Greene  noted  a close  and  constant  relationship 
between  the  diameter  of  the  cornea,  the  size  of  the  pupil  and  the 
dilatability  of  the  pupil  with  the  mydriatic  drug.  No  case  of  glau- 
coma developed  from  the  use  of  the  mydriatic  in  these  500  men  all 
past  sixty  years  of  age. 

Skiakineskopy  through  the  pupil.  Holth  {Norsk.  Mag.  f.  laevi- 
d'Cnsk.,  1904,  p.  1072)  reports  a new  discovery  which  enables  the 
patient  to  determine  his  own  refraction.  It  consists  in  observing 
the  behavior  of  the  shadow  in  one’s  own  eye  when  an  object  narrower 
than  the  pupil  is  moved  back  and  forth  directly  in  front  of  the  eye 
while  fixing  the  gaze  on  a luminous  point.  Myopes  see  the  shadow 
moving  with,  hypermetropes  against,  the  movement.  Emmetropes 
see  no  shadow.  Astigmatism  can  be  accurately  diagnosed  and  the 
axis  determined.  Slight  degrees  of  ametropia  can  be  detected  and 
accurately  estimated  so  that  the  test  is  both  rapid  and  delicate. 

Skiascopy.  In  the  so-called  “shadow  test”  we  observe  by  means 
of  a reflecting  mirror  the  behavior  of  the  red  reflex  as  seen  in  the 
pupil  when  studied  at  the  distance  of  one  meter  or  beyond,  during 
a series  of  to-and-fro  movements  of  the  light  reflected  in  various 
directions  across  the  pupil.  The  play  of  light  and  shadow  in  the 
pupil  during  this  test  reveals  the  refractive  state  of  the  eye  to  a 
trained  observer.  This  is  a most  valuable  test  as  it  is  entirely  ob- 
jective and  affords  at  once  a great  guide  in  the  determination  of 
the  refraction  as  a diagnostic  measure,  but  unfortunately  it  is  not 
to  be  relied  upon  to  the  exclusion  of  other  tests.  (See  Tupil  stop  in 
this  section.) 

Sleep.  Max  Knics  explains  the  ptosis  and  contracted  pupils 


10748 


PUPIL,  THE,  IN  HEALTH  AND  DISEASE 


found  in  normal  sleep  by  assuming  that  there  is  suspension  or 
paralysis  of  action  of  the  cervical  sympathetic  supplying  the  levator 
palpebrse  and  dilator  pupillffi  muscles.  The  withdrawal  of  conscious- 
ness in  slumber  puts  at  rest  all  psychic  or  cortical  impulses  to  the 
sympathetic  nervous  system,  and  the  pupils  contract  because  the 
impulses  which  cause  them  to  dilate  are  in  abeyance.  If  the  eyelids 
are  closed  wliile  the  subject  is  awake  the  pupils  do  not  contract,  on 
the  contrary  they  dilate.  Closing  the  eyes  does  not  suspend  cere- 
bral actively  and  the  influences  of  the  cortex  through  the  sympathetic 
is  active. 

Spastic  mydriasis.  Spastic  mydriasis  is  tliat  condition  in  which 
the  pupil  is  dilated  but  reacts  to  light  and  convergence;  it  is  met 
with  where  there  is  stimulation  of  the  cervical  sympathetic  from  any 
cause,  central,  intermediate  or  terminal,  also  in  rare  intracerebral 
tumors  which  do  not  directly  involve  the  pupillary  centers  by  pres-  j 
sure  but  inhibit  these  centers  through  interference  with  the  com-  < 
municating  fibers  to  and  from  the  cortex.  Spastic  mydriasis  also  ex-  | 
ists  in  acute  mania  through  cortical  influence,  occasionally  premoni-  ] 
toiy  locomotor  ataxia,  and  sometimes  after  epileptic  seizures.  \ 

Bumke  {Centraihl.  f.  Neur.  n.  VsycTi.,  Oct.,  1903,  p.  41)  observed  ■ 
spastic  mydriasis  in  fifteen  cases  of  catalepsy,  also  in  subjects  pre-  i 
senting  marked  anemia  and  imbecility.  Spastic  mydriasis  may  ex-  ^ 
hibit  from  spinal  cord  irritations  as  from  intestinal  worms,  acute  • 
intestinal  indigestion  in  children  from  gorging  and  also  from  teeth-  ; 
ing.  (See  Dilatation,  ahnormal,  in  this  section.)  ■; 

Sphenoidal  disease.  Posey  (Trams.  Wills  Hasp.  Ophth.  Soc.,  Feb.  ’ 
6,  1916)  presented  a case  of  double  papilledema  from  sphenoidal  dis-  I 
ease  in  which  the  right  eye  was  blind  and  the  left  had  20/50  vision. 

In  this  case  the  right  pupil  was  5 mm.  and  did  not  react  to  light,  ^ 
while  the  left  was  4 mm.  and  sluggish  in  reaction.  Unfortunately 
the  pupils  do  not  present  pathognomonic  localizing  evidence  of  dis- 
ease in  the  sphenoid. 

In  Posey’s  case  the  pupils  behaved  like  we  would  expect  them  to 
in  blindness  of  one  eye  and  half-blindness  of  the  other  from  any 
cause. 

Wallis  and  Wood  (Lancet,  1910,  Vol.  II,  p.  937)  observed  optic 
neuritis  and  blindness  from  empyema  of  the  sphenoidal  sinus  al- 
though there  was  a retained  patch  of  sight  in  the  temple  field  of 
vision.  Wlien  this  part  of  the  field  was  illuminated  the  pupil  re- 
sponded slightly.  This  case  again  demonstrates  that  the  response 
of  the  pupil  bears  a close  relationship  with  retained  sensibility  of  the 
retina  and  that  when  the  retina  is  dead  the  pupil  no  longer  responds 
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excepting  in  the  unusual  cases  referred  to.  (See  Pupillomotor  fibers 
retained  action  in  blindness,  also  Nasal  disease  in  this  section.) 

Sphincter,  Location  of  the  center  for  the.  Bernheimer  (Graefe’s 
Archiv.,  Ill,  p.  382)  experimenting  on  monkeys  in  order  to  locate 
the  nuclear  center  of  the  sphincter  pupillas,  destroyed  the  right,  small- 
celled,  niedian  nucleus  and  as  a consequence  obtained  permanent  re- 
flex iridoplegia.  He  therefore  believes  this  without  doubt  to  be 
the  location  of  the  sphincter-center.  The  third  nerve  and  the  optic 
nerve  were  unafi'ected  in  this  experiment.  (See  Physiology  of  the 
pupil.) 

Sponge-iritis,  The  pupil  in.  In  this  disease  there  is  a plastic  exu- 
date which  fills  the  anterior  chamber,  making  a complete  cast.  The 
pupil  is  consequently  rendered  very  dull  and  difficult  to  see.  It  is 
usually  contracted  and  the  patient  becomes  quite  blind.  In  a few 
days  the  plastic  exudate  begins  to  contract  and  exposes  a clear  zone, 
especially  around  the  upper  edge.  In  ten  days  or  two  weeks  the 
fibrinous  exudate  entirely  disappears  leaving  the  pupil  clean,  black 
and  perfectly  normal.  The  condition  is  therefore  alarming  but  the 
prognosis  is  good.  H.  Knapp  observed  this  phenomenon  in  a few 
eases  after  cataract  operation.  Exudations  occur  in  the  pupil  also, 
as  the  result  of  traumatism  of  a perforating  or  non-perforating  char- 
acter but  these  are  more  slowly  resorbed  and  often  result  in  perma- 
nent damage  in  the  shape,  size  and  function  of  the  pupil. 

“ Spnngende’^  mydriasis.  Gessner  {Muench.  Med.  Wochenschr., 
March,  1901)  states  that  we  are  to  understand  by  this  phenomenon, 
a dilatation  of  the  pupil  which  affects  alternately  one  eye  and  then 
the  other  and  that,  too,  by  uniform  light  conditions.  He  reports  a 
case  which  ran  as  follows : 

Nov.  10,  right  pupil  larger  than  left;  Nov.  11,  left  pupil  larger 
than  right;  Nov.  12,  right  pupil  larger  than  left;  Nov.  15,  in  the 
morning  right  pupil  larger  than  left,  in  the  afternoon  left  pupil 
larger  than  right;  Nov.  18,  right  pupil  larger  than  left;  Nov.  19, 
pupils  equal;  Nov.  24,  right  pupil  larger  than  left,  and  so  on. 

This  rare  variety  of  mydriasis,  according  to  some  observers,  is  seen 
in  those  who  have  some  organic  lesion  of  the  nervous  system  (paral- 
ysis, tabes,  etc.),  and  also  neurasthenia.  (See  See-saw  pupils.  Chang- 
ing pupils  and  Pathology  of  the  pupil.) 

Stereoscopic  trick.  Elmer  {Col.  Phys.  Phila.,  Trans.  Ophthal.  Sec., 
Oct.  20,  1910)  demonstrated  that  the  pupil  will  contract  when  look- 
ing at  the  photograph  of  an  object  in  the  foreground,  and  dilate  when 
looking  at  one  in  the  background,  in  a stereoscopic  picture  taken  with 
a single  camera  where  two  impressions  are  taken  on  the  same  plate 
the  one  focused  for  near  objects  the  other  for  distant  objects. 
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Holloway  who  investigated  the  phenomenon  and  regarded  it  orig- 
inally with  Elmer  thought  it  was  a psychic  influence  rather  than 
accommodatmn.  He  tried  to  prove  the  test  on  three  persons  and 
tound  that  in  two  no  such  change  could  be  noted ; in  one,  however 
there  was  a slight  reaction  of  the  pupil  which  was  lietter  expressed 
as  a hippus  or  possibly  an  adaptation  of  the  pupil.  Further  test- 
ing IS  needed  to  prove  this  interesting  pupillary  phenomenon 
Strabismus  concomitans.  Bach  states  that  in  strabismus  eoncom- 
itans  the  pupils  are  equal  and  the  reaction  is  normal  on  both  sides 
even  when  aeuitj^  of  vision  of  one  eye  is  greatly  reduced 
Subjective  examination  of  the  pupillary  reflexes.  Gradle  (Arch, 
of  Ophth.,  Vol.  XLIII,  No.  4)  describes  a subjective  method  of  ex- 
amination of  the  pupils  suggested  to  him  by  Kraupa  of  Elschnig’s 
chnie.  The  patient  must  be  fairly  intelligent.  “One  eye  is  closed 


Pupillary  Reflex  Lens.  Gradle. 


and  immediately  before  the  other  is  held  a bi-concave  lens  of  either 
30  or  40  D.  strength,  when  a light  of  not  more  than  eight  candle- 
power  held  ten  to  fifteen  feet  in  front  of  the  patient  is  then  switched 
on.  Through  the  lens  the  patient  sees  a circular  disk  of  light  which 
immediately  contracts.  This  disk  is  merely  the  image  of  the  diver- 
gent rays  passing  through  the  lens  and  bounded  by  the  pupillary 

edge  of  the  iris.  The  greater  the  contraction  of  the  pupil,  the  smaller 
becomes  the  disk.” 

He  IS  also  able  to  test  the  consensual  pupillary  reaction  by  plac- 
ing a ground  glass  blank  before  the  other  eye.  The  eye  under  the 
blank  is  covered  with  the  hand  and  the  light  is  turned  on  as  in  the 
direct  test.  As  soon  as  the  pupillary  contraction  has  taken  place, 
the  hand  is  removed  from  the  eye  and  the  patient  sees  the  disk  of 
light  contracting  still  further.  The  kind  of  lens  Gradle  recommends 
IS  shown  in  the  illustration.  (See  HanVs  reflex,  also  Pnpil,  Measure- 
ment, wnd  exact  size  of.) 
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Sy>npathect&my,  Ths  influence  of  on  the  pupil.  The  superior  and 
middle  cervical  ganglia  have  been  removed  for  the  relief  of  glau- 
coma. At  one  time  it  was  thought  this  treatment  was  the  happy 
solution  of  the  glaucoma  problem  and  many  such  operations  Avere 
performed. 

Among  others,  Blaek  (OpJith.  Record,  Vol.  X,  No.  10)  reports  on 
the  pupil  phenomena  that  follow  this  operation.  While  the  patient 
was  still  on  the  table  after  the  ganglia  were  extirpated  and  the 
wound  was  being  dressed  the  pupil  became  contraeted.  Before  the 
operation  the  pupil  was  dilated  and  fixed.  Six  hours  later  the  pupil 
measured  1.5  mm.  and  the  tension  of  the  eye  was  normal.  Ten  days 
later  the  pupil  was  2 mm.  in  a well  lighted  room  and  dilated  slightly 
in  a darkened  room.  There  was  distinct  response  of  the  pupil  to 
the  act  of  accommodation.  Coeain  did  not  dilate  the  pupil.  As 
time  passed  the  pupil  gradually  became  a little  larger  so  that  nine 
months  later  it  was  4 mm.  (See  Glaucoma  simplex,  also  Ganglion- 
ectamy  in  this  section.) 

Sympathetic  nerve,  End-o-rgans  of  the,  in  the  iris.  Shock  {Arch, 
f.  vergl,  Ophthahn.,  I,  3,  p.  293)  has  found  by  microscopic  examina- 
tion of  the  iris  of  various  mammals  that  there  are  unipolar,  bipolar 
and  multipolar  ganglion-cells  present  in  this  membrane  which  rep- 
resent the  terminal  filaments  of  the  sympathetic  nerve.  The  proc- 
esses from  these  ganglion-cells  form  a net-work  which  is  in  intimate 
connection  with  the  stroma  cells  of  the  iris.  Some  of  them  enter  the 
bodies  of  the  stroma  cells,  others  lie  in  such  close  contact  that  the 
nature  of  their  attachment  cannot  be  determined. 

Sympathetic  miosis  and  ptosis.  The  cervical  sympathetic  nerves 
aside  from  supplying  the  radiating  muscular  fibers  of  the  iris  also 
supply  Muellers’  'muscle  which  assists  the  levator  palpebra  superi- 
oris.  Hence  it  is  that  miosis  due  to  degeneration  or  lesion  of  the 
ciliospinal  center  is  frequently  associated  with  partial  ptosis,  and 
hence  also  is  explained  the  slight  dilatation  of  the  pupil  noted  in 
Ba.sedow’s  disease  which  is  associated  with  retracted  lids  due  to 
spinal  irritation.  The  sympathetic  nerve  coming  from  the  spinal 
cord  has  an  anastomosis  with  the  third  nerve  and  also  the  first  di- 
vi.sion  of  the  fifth  nerve  in  the  cavernous  sinus.  This  anatomical 
fact  may  account  in  part  for  the  occasional  coincidence  of  ptosis 
and  miasis.  One  would  naturally  think  that  since  in  ptosis  there 
is  a restricted  admission  of  light  within  the  eye  the  pupil  in  these 
cases  would  always  be  dilated.  The  ptosis  associated  with  ophthal- 
moplegia externa  is  usually  accompanied  by  contracted  pupils. 

Sympathetic  nerve  and  ciliary  ganglion.  Max  Knies  (see  his  text- 
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book)  states  the  motor  sympathetic  fibers  of  the  eye  are  derived 
from  the  superior  cervical  sympathetic  ganglion  and  pass  through 
the  carotid  plexus.  Centrally  they  are  governed  by  the  lowermost 
part  of  the  cervical  and  first  dorsal  part  of  the  spinal  cord.  Irrita- 
tion qf  this  part  of  the  cord  causes  spasm  of  the  dilator  pupill® 

(mydriasis)  and  paralysis  causes  loss  of  function  of  the  dilator 
pupillai  (miosis). 

The  motor,  sensory  and  sympathetic  nerve  fibers  for  the  interior 
of  the  eye  and  the  cornea  pass  through  th»  ciliary  ganglion  This 
pnghon  receives  three  roots  and  gives  off  the  ciliary  nerves  to  the 
interior  of  the  eye.  These  three  roots  are:  (1)  The  motor  root 
which  IS  a branch  of  the  third  nerve  furnished  from  a strand  of  this 
nerve  which  supplies  the  inferior  oblique  muscle. 

(2)  The  sensory  root  is  a branch  of  the  fifth  nerve  given  off  from 
the  naso-ciliary  nerve. 

(3)  The  sympathetic  root  is  derived  from  the  carotid  plexus  in 
the  cavernous  sinus  and  passes  through  the  sphenoidal  fissure. 

Any  one  of  these  roots  may  be  paralyzed,  producing  in  the  first 
ease  paralysis  of  the  sphincter  pupill^  (mydriasis),  in  the  second 
OSS  of  sensation  and  in  the  third,  paralysis  of  the  dilator  pupill® 
(miosis).  (See  Ciliary  ganglion  in  this  section.) 

Sympathetic,  Paralysis  of  the  cervical.  Schur  {Zeitschrift.  f. 
Augenheilk.,  XXVI,  No.  4,  p.  335)  has  studied  34  cases  of  paralysis 
o the  cervical  sympathetic.  In  all  cases  sensory  and  psychic  stimuli 
caused  a dilatation,  of  the  pupil  on  the  paralyzed  side.  This  sup- 
ports the  view  of  Brauenstein  that  the  impulse  to  dilatation  from 
these  stimuli  is  conducted  along  the  oculo-motor  tract  to  the  iris 
causing  relaxation  of  the  tonicity  of  the  sphincter  thus  assisting  the 
action  of  the  dilator  on  the  sound  side.  Slight  dilatation  of  the  pupil 
was  produced  with  cocain.  This  is  interesting  as  going  to  prove  that 
cocain  does  not  stimulate  the  terminal  filaments  of  the  dilator  nerves 

r subject  to  stimulation  and  so  the 

slight  dilatation  noted  must  rather  be  ascribed  to  relaxation  of  the 

sphincter  by  the  drug,  aided  also  by  contraction  of 
the  blood  vessels  of  the  iris. 

nervous  impulse  along  the  sympathetic  to 
the  dilator  pupillae  from  paralysis  permits  the  contraction  of  the 
sphincter  and  causes  miosis.  Schur  found  in  his  34  cases  that  the 
pupil  will  dilate  slightly  on  the  paralyzed  side  but  not  so  much  as 
on  the  healthy  side,  and  as  above  stated  he  ascribes  this  to  with. 

drawal  of  contraction  impulse  to  the  sphincter  iris  along  the  motor- 
oculi  tract. 
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Rosenfeld  {Miinch.  mcd.  Woclien.,  1904,  No.  45,  p.  2001)  reports 
a case  of  carcinoma  of  the  esophagus  which  included  the  right  cervi- 
cal sympathetic  in  the  neighborhood  of  its  lowest  ganglion.  Be- 
sides the  classical  symptoms  of  paralysis  of  the  sympathetic  (miosis, 
ptosis,  etc.),  it  was  noted  that  the  pupil  dilated  markedly  when, 
painful  pressure  was  made  on  the  affected  area. 

Sectimal  dilatation  of  the  pupil  Braunstein  {Ein.  Beitrage  z. 
Kent.  d.  Innervat.  d.  his  he  weg.,  1893)  proved  by  experiment  that 
stimulation  of  the  temporal  of  the  two  long  ciliary  nerves  causes  a 
dilatation  of  the  outer  half  of  the  pupil,  while  stimulation  of  the 
trunk  of  the  cervical  sympathetic  after  division  of  the  temporal  of 
the  two  long  ciliary  nerves  caused  dilatation  of  the  inner  lower  half 
of  the  pupil. 

The  converse  of  this  would  be  contraction  of  the  pupil  and  corec- 
topia  inwards  due  to  paralysis  of  the  external  of  the  long  ciliary 
nerves  from  deep  burn  or  perforating  wounds  which  divided  its 
trunk,  etc.,  in  which  case  the  inward  half  of  the  pupil  would  react 
in  making  the  direct  pupillary  reaction  test.  (See  Defo't'med  pupil 
in  this  section.) 

Sympathetic  reflex,  Diagnostic  value  of.  Hirschl  {Wien.  Klin. 
Wochen.,  1899,  No.  22)  explains  the  normal  sympathetic  reflex  action 
of  the  pupil  to  be  a marked  dilatation  from  pricking  or  pinching  the 
cheek  or  applying  a moderately  strong  faradic  current  of  electricity 
to  any  part  of  the  body.  This  reaction  is  wanting  in  progressive 
paralysis  even  when  the  light  reflex  is  preserved.  In  all  mental  dis- 
orders (apart  from  progressive  paralysis)  the  reaction  was  almost 
always  present,  the  exception  being  in  the  case  of  chronic  alcoholism 
where  it  is  absent. 

Sympathetic  tract,  Cervical,  supplying  the  dilator  pupillce.  The 
nucleus  of  origin  of  the  dilator  pupillse  is  hypothetically  located  in 
the  medulla.  The  neurons  pass  down  the  lateral  columns  of  the 
spinal  cord  as  far  as  the  third  dorsal  nerve  to  a certain  location  in 
the  cord  known  as  the  ciliospinal  center.  Other  neurons  beginning 
at  this  center  emerge  in  the  first,  second  and  third  dorsal  roots  and 
pass  on  to  the  inferior  cervical  ganglion,  passing  en  route  through 
the  stellate  ganglion  and  annulus  of  Vieussens;  from  the  inferior 
cervical  ganglion  they  pass  on  to  reach  the  superior  cervical  gan- 
glion near  the  angle  of  the  lower  jaw.  This  ganglion  acts  as  a 
relay  station  similar  to  the  ciliospinal  center  where  other  neurons 
take  the  impulse  and  carry  it  forward  to  receive  branching  neurons 
from  the  Gasserian  ganglion  and  plexus  around  the  internal  caro- 
tid; thus  reinforced,  as  it  were,  they  travel  on  to  join  the  nasal 
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branch  of  the  first  division  of  the  fifth  nerve  to  form  the  long  ciliary 
nerves  to  finally  reach  the  ciliary  muscle  and  iris.  (See  J.  Herbert 
Parsons’  diagram  at  the  beginning  of  this  monograph.) 

Sympathetic,  Miosis  in  gunshot-tvoiind  of  cervical.  Harlan  {Ann. 
Ophthal.,  April,  1901)  states  that  though  many  cases  of  paralysis  of 
the  cervical  sympathetic  from  pressure  of  morbid  growths  are  on 
record,  particularly  from  enlargement  of  the  thyroid  and  lymphatic 
glands,  the  reports  of  cases  of  paralysis  of  this  nerve  from  direct 
traumatism  have  been  extremely  few.  This  is  explained  by  the  fact 
that  “the  anatomical  situation  of  the  sympathetic  is  such  that  it 
is  almost  impossible  to  injure  it  with  a missile  without  at  the  same 
time  disturbing  other  structures  which  result  fatally.”  (Mitchell 
Morehouse  and  Keen  in  Giiiishot  Injuries  of  the  Nerves.) 

Harlan  reports  the  case  of  S.  R.,  age  twenty-two,  who  had  been 
shot  in  the  neck  by  a rifle  ball  five  years  before  and  who  presented 
the  classical  signs  of  paralysis  of  the  cervical  sympathetic,  the  sym- 
pathetic ptosis  of  Swansy,  the  distinct  miosis,  the  enophthalmos, 
etc.  The  scar  in  the  neck  was  located  on  the  anterior  margin  of  the 
right  stemo-cleido-mastoid  muscle  at  a level  with  the  cricoid  car- 
tilage. The  right  pupil  measured  two  and  half  mm.  while  that  of 
the  left  measured  four  and  a half  mm.  (See,  Argyll-Rohertsm 
'monocular  in  this  section.) 

Sympathetic  ophthahnia.  The  pupil  in  sympathetic  ophthalmia 
becomes  blocked  with  organized  lymph  in  which  are  found  wander- 
ing pigment  cells  from  the  iris.  There  may  be  seclusio-pupillse  in 
mild  cases  or  occlusio-pupillae  in  severe  cases.  The  tension  of  the 
eye  may  become  raised.  This  secondary  glaucoma  arouses  the  tempta- 
tion to  perform  an  iridectomy.  If  iridectomy  is  attempted  in  this 
state  of  affairs  the  eye  becomes  very  bad.  The  coloboma  produced 
by  the  iridectomy  is  quickly  filled  with  plastic  exudate  and  there  is 
a vicious  reaction  with  subsequent  phthisis  bulbi. 

Syncope.  In  a fainting  spell  the  pupils  are  always  dilated  and 
do  not  react  to  the  light.  Contraction  gradually  returns  with  re- 
turning consciousness. 

Syphihs,  Acquired,  Early  pupillary  symptoms  of.  Sulzer  {Ann. 
Deynnatol.  et.  Syph.,  March,  1901)  calls  attention  to  the  frequency 
of  anomalies  of  pupillary  reaction  in  the  early  stage  of  acquired 
syphilis.  Among  fifty-three  eases  examined  by  him  there  were  con- 
tracted, fixed  pupils  in  eleven.  These  disturbances  appeared  within 
three  months  after  the  primary  affection  and  in  general  they  were 
transitory.  (See  Argyll-Rohertson  pupils  in  this  section.) 

Ayer  (Knapp’s  Archives,  XLV,  No.  1,  p.  16)  finds  that  testing 
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the  spinal  fluid  for  evidence  of  SA'pliilis  has  yielded  much  valuable 
information  among  one  hundred  and  sixty  eye  cases  presenting  signs 
of  disease  of  the  cerebrospinal  system.  He  has  found  it  exceptional 
to  encounter  a ease  of  advanced  syphilis  of  the  nervous  system  with 
normal  pupils.  The  Argyll-Robertson  pupil  is  the  rule,  but  there 
are  many  cases  presenting  this  type  of  pupil  which  show  no  other 
signs  of  syphilis.  He  encountered  thirteen  such  cases  and  among 
them  nine  were  proven  by  the  spinal  fluid  tests  to  have  syphilis. 
The  pupils  are  no  indication  that  the  disease  will  progress  for  many 
such  cases  have  inactive  or  quiescent  syphilis.  The  same  general 
observations  were  made  in  reference  to  irregular  pupils  with  the 
exception  that  among  thirteen  such  cases  the  spinal  fluid  tests  failed 
to  reveal  sj'philis  although  seven  of  them  gave  a positive  history. 
Such  cases,  while  undoubtedly  of  syphilitic  origin,  should  be  re- 
garded clinically  negative,  or  at  least  as  having  quiescent  syphilis. 
Among  twelve  cases  presenting  normal  pupils  Ayer  found  positive 
syphilis  present  as  demonstrated  by  spinal  fluid  testing.  Moreover, 
they  presented  other  signs  of  active  syphilis. 

He  states  therefore  that  we  may  regard  contracted  irregular  and 
unequal  pupils  as  placing  the  patient  under  the  suspicion  of  syphi- 
litic infection,  but  we  cannot  declare  from  this  symptom  alone  that 
the  infection  is  active,  and  conversely,  normal  pupils  do  not  pre- 
clude the  existence  of  active  and  severe  syphilitic  processes. 

Syphilis,  Diagnosis  in.  The  presence  of  typical  Argyll-Robertson 
pupils  declares  for  syphilis  in  nearly  all,  if  not  all,  cases.  And  yet 
it  is  conceivable  tha  t a person  who  possesses  symmetrical  non- 
syphilitic lesions  which  disorganize  the  ciliospinal  centers,  or  non- 
syphilitic symmetrical  lesions  of  the  pupil-dilatating  centers  in  the 
medulla  near  the  floor  of  the  fourth  ventricle,  could  present  typical 
Argyll-Robertson  pupils. 

Synngmnyelia.  The  pupils  are  usually  not  affected  in  syringo- 
myelia. Among  two  hundred  cases  studied  by  Schleisinger  pupil- 
lary disturbances  occurred  in  only  twenty-four.  In  a few  cases  the 
pupils  were  unequally  dilated  and  when  this  was  found  it  was  thought 
to  be  due  to  some  concomitant  disease  such  as  paresis  or  tabes. 

There  may  be  a cavitation  in  the  region  of  the  ciliospinal  center 
in  the  cord,  or  above  this  area  affecting  the  tract  of  the  pupil  dilat- 
ing fibers.  In  such  case  miosis  and  other  symptoms  of  paralysis  of 
the  cervical  sympathetic  are  found.  The  symptoms  may  be  more 
pronounced  on  or  limited  to  one  side. 

Subconscious  states,  Mesmerism,  JJypiiohsm,  Somnambulism,  etc. 
During  the  cataleptic  or  hypnotic  state  the  pupils  are  dilated  and 
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fixed  but  if  the  subject  be  uuidc  to  look  at  an  object  near  at  hand 
the  pupils  will  contract.  The  pupillary  reflex  action  to  light  stimu- 
lus if  present  at  all  is  somewhat  sluggish.  In  the  state  of  complete 
fascination,  profound  abstraction,  deep  subjective  mental  states, 
somnambulism  and  the  like,  the  pupils  are  found  to  be  dilated. 

The  behavior  of  the  pupils  in  these  cases  of  unconscious  orienta- 
tion is  in  striking  contrast  with  what  is  noticed  in  that  other  state 
of  normal  unconsciousness— sleep,  in  which  we  find  the  pupils  con- 
tracted. (See  Psychic  states,  in  this  section.) 

Taies.  Collins,  of  N.  Y.  (Med.  News,  March  14,  1903)  published 
the  ocular  data  noted  in  his  series  of  one  hundred  and  forty  cases 
of  tabes  dorsalis.  He  found  loss  of  light  reflex  in  80  per  cent,  but 
the  pupils  responded  to  convergence  and  accommodation  in  94  per 
cent.  In  6 per  cent,  there  was  loss  of  contraction  to  accommodation 
and  convergence  proving  that  it  is  very  uncommon  for  the  pupils 
to  lose  their  response  to  this  effort.  Miosis  was  very  marked  in  35 
per  cent  and  26  per  cent,  more  presented  contracted  pupils,  24  per 
cent,  had  medium-sized  pupils  and  6 per  cent,  had  dilated  pupils.  The 
pupils  were  of  unequal  size  in  25  per  cent,  of  his  cases.  From  this 
report  we  find  corroboration  of  the  common  knowledge  that  in  loco- 
motor ataxia  the  pupils  usually,  though  not  invariably,  present  symp- 
toms which  are  fairly  constant  and  of  distinct  diagnostic  value. 

While  approximately  80  per  cent,  of  cases  of  tabes  will  present  con- 
tracted pupils  there  remain  in  tabes  other  variations  which  should 
be  known.  The  pupils  may  be  normal  or  even  dilated.  The  Argyll- 
Kobertson  phenomena,  viz.,  loss  of  direct  reaction  and  retained  asso- 
ciate reaction,  may  be  present  in  the  latter  of  these.  In  cases  of 
normal  sized  and  dilated  pupils  optic  nerve  atrophy  is  often  ob- 
served. When  atrophy  of  the  optic  nerves  is  total  the  pupils  may 
become  dilated  and  rigid.  The  presence  of  unequally  contracted 
pupils  is  a very  common  observance  in  tabes,  the  statistics  of  many 
observers  on  this  point  agree  that  anisocoria  was  present  in  from 
27  per  cent.  (Berger)  to  60  per  cent,  of  cases  (Vaughn).  Unequal 
pupils  per  se  are  of  no  pathological  significance  for  they  are  often 
noted  in  perfectly  normal  individuals,  but  taken  in  connection  with 
other  frank  symptoms  of  disease  the  symptom  becomes  of  much  diag- 
nostic value. 

The  loss  of  light  reflex  on  the  pupil  in  incipient  tabes  makes  itself 
manifested  gradually,  hence  it  is  that  in  what  may  be  called  the  pre- 
tabetic  cases  the  pupil  response  to  light  is  present  though  somewhat 
This  should  be  observed  and  if  in  the  same  case  there  is 
prompt  and  well-marked  reaction  to  convergence  and  accommodation 
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incipient  tabes  may  be  suspected.  In  very  many  cases  of  incipient 
tabes  there  are  well-established  Argyll-Robertson  pupillary  phenom- 
ena long  before  other  symptoms  are  noticed.  (See  Argyll-Uabertson 
pupil  in  this  section.) 

Tension,  Influence  on  ocular.  Gronholm  (Knapp’s  Arcluves  of 
Ophtkal.,  Vol.  XL,  No.  6,  p.  617-642)  after  extended  experiment 
and  observation  concludes  that  the  tension  rises  during  mydriasis 
and  decreases  during  miosis  in  glaucomatous  eyes,  and  also  appre- 
ciably in  normal  eyes.  Mydriasis  reduces  the  tendency  to  decreased 
tension  during  convergence. 

The  changes  in  tension  during  the  activity  of  the  iris  are  prob- 
ably due  to  the  opening  of  the  filtration  channels  during  contrac- 
tion and  the  narrowing  of  these  channels  during  dilatation,  aided 
somewhat  by  the  increased  volume  of  secretiom  and  circulation  dur- 
ing activity  and  diminished  circulation  in  the  eye  during  the  period 
of  rest.  The  physiologic  action  of  the  sphincter  provides  increased 
blood  supply  and  increased  secretion  of  aqueous  and  at  the  same 
time  provides  for  increased  outfiow  by  opening  the  filtration  angle 
during  contraction  of  the  pupil. 

Glaucomatous  eyes  should  not  be  kept  in  darkness,  on  the  con- 
trary should  seek  the  light  and  be  used  in  reading  much  of  tbe 
time  to  keep  the  pupils  contracted  as  long  as  they  react  well.  Mio>tics 
should  always  be  instilled  in  the  non-operated  eye  and  this  eye  must 
not  be  bandaged  with  the  operated  one.  In  suspicious  eyes  by  plac- 
ing the  patient  in  darkness  the  tension  will  rise  as  a consequence  of 
dilatation  of  the  pupils  if  glaucoma  is  incipient.  (See  Anatomy  of 
atropinized  eyes  in  this  section.) 

Tension,  The  influence  of  intra-ocular,  on  the  size  of  the  pupil. 
Taking  then,  as  a standard,  the  size  of  the  pupil  when  the  intraocu- 
lar tension  is  normal  (25  mg.  mercury),  we  may  formulate  the  rule 
that  raised  tension  is  associated  with  dilated  pupil  and  that  lessened 
tension  is  associated  with  contracted  pupil.  The  reason  for  this  may 
be  argued,  if  not  proven,  by  the  following  points : 

(1)  Paralysis  of  both  dilator  and  contractor  pupillae  through  pro- 
longed hypertony  will  result  in  dilated  pupil.  When  both  are  paral- 
yzed the  pupil  is  dilated  as  in  death. 

(2)  Raised  tension  obtunds  the  sensibility  of  the  retina  hence 

the  impulse  to  contraction  of  the  pupil  is  inhibited  through  the  asso- 
ciation between  the  retina  and  the  pupillary  light  reflex  arc.  From 
this  we  may  argue  conversely  that  contracted  pupil  would  be  the 
state  in  lowered  intraocular  tension  because:  (1)  The  lowered 

tension  allows  the  lens  to  recede,  thus  withdrawing  the  support  to 
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the  iris  wholly  or  in  part,  and  the  sphincter  being  unopposed  me- 
chanioally  by  the  lens  contracts  somewhat.  (This  is  not  true  in 
detachment  of  the  retina.)  (2)  The  withdrawal  of  normal  pres- 
sure permits  hyperemia  of  the  iris,  which  causes  the  pupil  to  con- 
tract  because  the  pupil  space  is  the  only  available  area  in  the  plane 

“'"oachnient  from  swelling  of  the  iris 
' ; The  inhibitory  influence  of  the  normal  tension  on  the  iris  mus^ 
cillature  being  withdrawn  in  hypotony  the  overpowering  sphincter 
muscle  will  assert  its  strength,  hence  the  contraction  of  the  pupil. 
Therapeutic^  value  of  alternate  coutractimt  and  expansion  of  the 
(Knapp’s  AreMv.  of  Ophthal,  May,  1910,  Vol. 
XXXIX  No.  3,  p.  247)  discovered  that  the  alternate  u.se  of  mvdri- 
a ics  and  myotics  e.verted  a decided  elfect  on  clearing  the  pupil-space 
of  cataract  debris.  In  traumatic  cataract  he  secured  20/20  vision 

dilf*'  operation  by  employing  these  reme- 

• n ultimate  resorption  of  lens  substance 

s brought  about  by  the  mechanical  shifting  and  slow  agitation  of 
he  absorbable  material  by  the  action  of  the  iris,  aided  by  that  of 
the  ciliary,  when  under  the  influence  of  these  drugs  by  'affording 
opportunity  to  the  aqueous  to  permeate  the  lens  mass.  The  alter 
nate  use  of  mydriatics  and  myotics  is  of  especial  value  in  clearing  up 
a ter-cataracts  not  due  to  inflammatory  e.xudate.  It  is  common 
practice  to  use  atropin  drops  in  all  cases  of  traumatic  cataract  The 
action  of  the  drug  tends  to  block  the  drainage  channel  as  is  well 
known.  Thus  the  most  sought  desideratum,  absorption  of  the  swol- 
len  lens  fibers,  is  inhibited.  Eserin  in  solution  contracts  the  pupil 
and  opens  the  drainage  channels.  The  alternate  Use  of  these  drugs 
in  solutions  creates  the  best  effect. 

Since  atropin  dilatation  of  the  pupil  is  difficult  to  overcome  AVand- 
less  recommends  homatropin  drops  instead,  and  in  some  eases  he 

prefei-s  1 per  cent,  solution  of  pilocarpin  to  eseriii  on  account  of  its 
lesser  irritating  effect. 

The  writer  ^w  Prof.  Deutsehmann,  of  Hamburg,  use  atropin  and 
eserin  drops  alternately  m the  treatment  of  acute  plastic  iritis  with 
synechia,  on  the  grounds  that  the  mydriatic  effect  of  the  one  and 
the  miotic  effect  of  the  other  severed  the  adhesions  in  many  cases 
Where  mydriatics  alone  would  have  failed. 

Threshold  pupilary  reaction  and  the  extent  of  the  pupillomotor 

Schlesinger  Erich  and  Berlin  (Dent.  Med.  Woeh.,  Jan.  23,  1913 

; 1 '?,■  ““i  of  light  such  as  acetylene.  They 

noted  the  influence  on  the  pupil  of  light  passing  through  the  sclera 
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and  also  that  of  reflected  light  from  the  blind  spot  within  the  globe. 
They  found  that  the  size  of  the  image  of  a luminous  spot  on  the 
retina  varies  with  the  anomalies  of  refraction.  Therefore  they  main- 
tain that  the  same  intensity  of  light  has  different  pupillomotor  val- 
ues. To  estimate  this  properly  it  is  necessary  to  use  an  apparatus 
which  will  give  the  same  luminous  image  on  the  retina  in  all  cases, 
at  the  same  time  the  influence  of  accommodation  must  be  excluded. 
In  order  to  meet  these  requirements  Zeiss,  of  Jena,  has  constructed 
a “ peri-pupillometer. ” The  following  is  claimed:  1.  In  normal 
persons  of  the  same  age  the  threshold  value  is  almost  constant.  2. 
The  pupillary  reflex  shows  symptoms  of  exhaustion  after  repeated 
exposures  to  the  light.  3.  The  pupil  response  becomes  decreased 
after  repeated  illuminations  with  the  same  intensity. 

It  is  a fundamental  principle  that  any  examination  of  the  pupil- 
lary reflex  area  of  the  fundus  must  start  with  the  determination  of 
the  threshold  value  of  pupillary  reaction.  It  was  determined  from 
observation  that  a weak  light  of  the  size  of  1/50  of  the  optic  disk 
directed  upon  the  blind  spot  produces  a pupillary  reaction  and  with 
the  perception  of  a halo  but  not  if  the  intensity  fell  below  from  0.3 
to  0.4  candle  power.  Therefore  only  intensities  of  light  should  be 
used  which  permit  light  dispersion  below  the  threshold  value.  They 
found  that  the  radius  of  the  pupillary  reflex  area  of  the  retina  equals 
at  least  5 mm.  in  healthy  persons  of  middle  age.  Hess  found  3 mm. 
Schlesinger  succeeded  with  his  apparatus  in  ascertaining  hemiopic 
pupillary  reaction  in  two  cases.  (See  Adaptation  of  pupil  reflex,  also 
Pupillomotor  area  in  this  section.) 

Tic  of  tJie  intrinsic  muscles.  Meige  {Ann.  d*ocul.,  Vol.  CXXIX, 
p.  167)  states  that  there  is  in  some  cases  a hippus-like  tic  of  the 
pupils.  This  he  regards  to  be  invariably  due  to  cortical  influence 
and  mentions  its  occurrence  in  stuttering  patients. 

Tohacco  a:mhlyopia,  The  sensory  pupil  reflex  in.  Dorrell  {OpJith. 
Record,  June,  1913,  Vol.  XX,  No.  36)  stated  that  the  dilatation  of 
the  pupil  which  occurs  when  the  skin  of  any  part  of  the  body  is  stim- 
ulated was,  in  tobacco  amblyopia,  either  in  abeyance  or  obtained  only 
by  increased  stimulus.  One  hundred  cases  were  examined  by  him. 
He  found  that  the  lowest  stimulus  which  gives  dilatation  of  the  pupil 
in  the  normal  eye  is  obtained  from  five  to  seven  cells  of  the  constant 
current  battery,  or  approximately  3.5  milliamperes,  the  negative  pole 
being  applied  to  side  of  the  neck.  He  used  this  method  to  determine 
tobacco  poisoning  in  ca.ses  where  there  were  no  signs  of  nervous  dis- 
ease and  found  that  in  121  such  eyes  the  response  to  3.5  milliamperes 
wa.s  present  in  only  20  per  cent.  Moreover,  that  in  50  per  cent,  no 
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dilatation  whatever  could  be  produced  even  when  the  current  was 
turned  to  the  strength  of  the  patient’s  tolerance.  This  test  is  useful 
m determining  whether  a patient  is  being  harmed  by  the  use  of  to- 
bacco. In  the  class  of  cases  showing  frank  nervous  disease  from 
tobacco  he  was  able  to  obtain  the  pupil  reflex  in  only  22  per  cent. 
He  mentioned  that  this  behavior  of  the  pupil  might  in  some  cases  be 
blamed  to  the  presence  of  locomotor  ataxia  and  affections  of  the  cord 
in  tobacco  users.  Nevertheless,  Dorrell’s  test  becomes  valuable  be- 
cause it  is  well  known  that  in  tobacco  amblyopia  the  pupil  usually 
responds  to  the  light  by  the  ordinary  tests  quite  normally. 

Tonsils,  The  pupils  in  systemic  infection  from  the.  Veasey  {Ophth 
Record,  Vol.  XXV,  No.  8)  found  the  pupils  dilated  in  a case  of 
chronic  septicemia  from  degenerated  and  diseased  tonsils. 

Blum  in  the  same  journal  reports  iritis  and  contracted  pupil  from 
septic  resorption  from  a carious  tooth.  (See  Dental.) 

Toxic  amaurosis.  Hopes  had  a case  of  antipyrin  blindness  in 
which  the  pupils  were  dilated  and  would  not  react  to  light  or  con- 
vergence. After  pilocarpin  sweats  the  pupils  became  contracted  and 
active.  In  total  blindness  from  quinin  the  pupils  are  dilated  and 
fixed  but  in  tobacco  blindness  in  which  there  is  always  a peripheral 
field  of  vision  the  pupils  are  only  slightly  dilated  and  respond  to  the 
light.  (See  Tobacco  amblyopia  in  this  section.) 

Toxic  paralysis  of  accommodation  with  pupil  symptoms  Han- 
sell  {Ophth.  Record,  March,  1916,  Vol.  XX,  No.  3)  remarks  that  the 
ins  and  ciliary  body  are  usually  associated  in  physiologic  and  path- 
ologic action.  That  paralysis  of  one  and  not  the  other  is  usually  due 
to  nuclear  or  fascicular  lesions.  He  notes  that  determination  of  the 
size  and  reaction  of  the  pupil  cannot  be  precise  according  to  our 
present  methods.  Also  that  when  the  ordinary  pupillometer  (a 
round  card  containing  perforations  of  graduated  sizes)  is  held  against 
the  temple  and  comparison  made  with  the  size  of  the  pupil  the  esti- 
mate is  only  approximately  correct.  He  states  that  the  dilatation 
of  the  pupil  which  is  so  often  conjoined  with  amblyopia  from  tox- 
emia cannot  be  classified  as  toxic  paral3^sis  of  the  pupil.  That  it  is 
not  dependent  upon  an  affection  of  the  nerves  of  the  iris,  but  is  de- 
pendent on  the  degree  of  amblyopia  reaching  its  maximum  when  all 
perception  is  lost. 

The  morbid  change  in  the  optic  nerves  and  retina  due  to  toxemia 
interrupts  the  circle  of  reflex  pupillary  reaction  and  no  stimulus  to 
the  pupil-acting  center  in  the  brain  or  cord  can  be  carried  by  an 
optic  nerve  that  is  deficient  in  function.  His  contention  therefore 
IS  that  there  is  no  toxic  paralysis  of  the  pupil  per  se. 
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Uthoff  states  that  paralysis  of  the  iris  never  occurs  from  toxemia, 
Hansell  had  a case,  however,  of  excessive  chronic  alcoholism  in  which 
the  pupils  were  dilated.  The  patient  was  an  epileptic  and  it  may 
he  that  dilatation  was  due  in  some  way  to  the  epileptic  habit.  The 
pupil  in  alcoholism  is  usually  contracted,  as  is  well  known. 

Hansell  reported  another  case  of  dilated  pupils  in  a man  who  had 
no  known  poison  in  his  blood  excepting  that  from  a chronic  specific 
urethritis.  The  pupils  were  widely  dilated  and  only  slightly  re- 
sponsive to  light. 

The  effect  of  diphtheria  poison  in  the  blood  is  referred  to  as  being 
a cause  for  paralysis  of  the  pupil  and  was  not  infrequently  met  with 
in  the  days  before  antitoxin.  \ 

Hansell  states,  “The  combined  paresis  of  accommodation  and  of 
the  sphincter  pupill®  suggests  a nuclear  affection,  possibly  a hemor- 
rhage, as  both  nuclei  are  close  together  and  are  supplied  by  the  same 
nutrient  blood  vessels.” 

Ziegler,  in  discussing  Hansell’s  paper,  said  he  had  seen  a case 
of  acute  poisoning  in  a two-year-old  child  which  produced  marked 
miosis  along  with  symptoms  of  prostration.  He  had  to  differentiate 
between  opium,  nicotin  and  muscarin.  He  was  able  to  rule  out  opium 
but  stated  the  child  could  have  easily  eaten  a cigarette  stump  or  a 
poisonous  toad-stool  found  in  the  yard.  He  referred  to  Knies’  as- 
sertion that  muscarin  in  toad-stool  and  fish  may  cause  miosis  while 
tjTotoxin  will  cause  mydriasis.  (See  Quinine,  Poisons  and  Pathology 
in  this  section.) 

Transillumination  of  the  eyehall,  The  appearance  of  the  pupil  in. 
Priedenberg  {Trams.  A.  M.  A.,  Ophthal.  Sec.,  1910)  describes  the 
appearance  of  the  pupil  by  diaphanoscopy  noted  in  various  diseases 
of  the  eye.  Corneal  opacities  were  not  demonstrable.  Dense  pan- 
nus  cast  only  a slight  shadow.  Pigment  deposits  in  the  cornea  pro- 
duce absolute  darkness.  Cataract  does  not  obscure  the  transillu- 
mination of  the  pupil.  Membranous  cataract  only  demonstrates  where 
blood  or  pigment  is  present.  Detached  retina  absolutely  transpar- 
ent. Melanosarcoma  casts  a deep  shadow  but  non-pigmented  sar- 
coma does  not  cast  much  of  a shadow.  Glioma  of  the  retina  is  al- 
ways transparent.  He  states,  “Transillumination  gives  important 
information  in  many  cases  in  which  ophthalmoscopy  is  impossible 
and  where  oblique  illumination  alone  teaches  little.” 

Wiirdemann  {Ophth.  Becord,  Vol.  XVII,  No.  4)  mentions  the 
value  of  bis  transilluminator  in  studying  the  pupil,  noting  the  con- 
dition of  the  abnormal  lens  and  other  intraocular  affections  as  seen 
through  the  pupil.  (See  Diaphanoscopy  and  Wurdemann’s  colored 
illustrations.) 

Vol.  XIV— 23 
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Traumatic  reflex  imJmohility  of  the  pupil.  Axenfeld  {Deut.  Med. 
Wochens.,  1906,  No.  35,  p.  663)  believes  that  in  the  cases  of  con- 
cussio  oculi  where  the  pupil  does  not  respond  to  light,  but  does  react 
to  convergence,  there  is  a paralysis  of  the  pupillomotor  fibers  in  the 
retina. 

Traumatic  neurosis  and  medico-legal  cases.  In  true  traumatic 
neurosis  the  pupils  are  rarely  found  to  be  affected.  Inequality  in 
size  has  been  noted  but  normal  eyes  will  present  the  same  condition 
in  about  an  equal  proportion  of  cases.  In  hysteria  or  malingering 
cases  claiming  damages  for  alleged  injury  when  one  or  both  pupils 
are  dilated,  the  use  of  eserin  drops  will  often  assist  in  establishing 
that  fraud  is  being  practiced,  for  in  true  paralysis  the  pupils  will 
readily  contract  with  their  use.  In  case  a mydriatic  drug  is  being 
used  no  such  ready  contraction  will  occur.  Hippus,  if  present  in  a 
case  of  traumatic  neurosis,  would  assist  in  establishing  the  patient’s 
claim  for  damages,  for  hippus  is  to  be  regarded  as  being  due  to  an 
unstable  nervous  system  or  prolonged  shock.  However,  we  must  not 
confuse  the  spurious  cases  where  psychic  influences  and  self-sugges- 
tion are  taught  to  establish  a pseudo-unstable  state  of  the  nerves, 
with  the  genuine  cases  where  prolonged  shock  is  truly  present.  In 
each  of  these  hippus  may  be  exhibited  as  a symptom. 

Trigeminus  reflex,  Contraction  in  fifth  nerve  irritation.  Contrac- 
tion of  the  pupil  in  response  to  corneal  irritation  is  often  very  strik- 
ing, showing  there  is  an  intimate  connection  between  the  filaments 
of  the  fifth  nerve  supplying  the  cornea  and  those  of  the  third  nerve 
supplying  the  sphincter.  The  sensory  orbital  reflex  are  runs  from 
the  cornea  to  the  ciliary  ganglion  conveying  the  sensory  impulse  and 
is  there  reflected  back  to  the  sphincter  pupillse  as  a motor  impulse. 
The  result  is  a sharp  and  excessive  contraction  of  the  pupil  in  case 
of  a jagged  cinder  in  the  eye  or  a crop  of  phlyctenules.  (See  Cramp 
of  the  pupil.) 

Trigeminus-facial  pupillary  reflex.  Ballantjme  {Ophthalmoscope, 
July,  1909,  p.  481)  states  these  reflexes  can  be  elicited  in  many,  if 
not  in  most,  normal  individuals.  The  reflex  is  a dilatation  of  the 
pupil  to  a special  variety  and  location  of  sensory  stimulation.  Vara- 
day  {Wien.  Klin.  Woch.,  No.  12,  1903)  states  that  the  reaction  is  elic- 
ited hy  pressing  the  outer  canthus  firmly  with  the  end  of  a lach- 
rymal probe,  or  pricking  the  skin  of  the  cheek  with  a needle  for 
about  thirty  seconds.  By  this  test  “the  pupil  dilates  slowly  and 
completely,  then  contracts  smartly  to  less  than  its  natural  size.  If 
the  stimulus  is  continued  the  dilatation  will  return  and  persist  for 
two  minutes  and  then  the  pupil  slowly  contracts.  When  the  stimu- 
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lation  ceases  the  pupil  returns  to  its  original  size.”  The  reaction  is 
consensual.  Other  forms  of  stimulation  such  as  induced  by  heat, 
electricity,  etc.,  may  elicit  the  same  symptoms  or  they  may  cause 
pupil  contraction  with  lid  closure.  The  pathway  is  different  in  the 
latter  reaction.  (See  Sensory  pupillary  reflex.) 

Tubercle  of  the  choroid.  In  tubercle  of  the  choroid  the  pupil  was 
noticed  by  Clement  to  be  slightly  dilated  (Ophth.  Record,  Vol.  XXI, 
No.  6,  p.  291)  but  the  vision  in  the  disease  is  usually  impaired  pro- 
portionately with  the  dilatation  of  the  pupil. 

Tubercles  at  the  pupil  margin.  Schoenberg  {Ophth.,  Vol.  XI,  No. 
1,  p.  1)  reports  the  effect  of  injecting  serum  from  a patient  with 
interstitial  keratitis  in  the  ear  vein,  under  the  skin  and  under  the  ^n- 
junctiva  of  a rabbit.  About  three  weeks  later  there  appeared  small  tu- 
bercles near  the  lower  margin  of  the  pupil.  In  another  rabbit  there  ap- 
peared contracted  pupil  along  with  a whitish  exudate.  Wlien  the  serum 
was  injected  in  the  cornea  of  a rabbit  severe  iritis  and  occlusion  of  the 
pupil  set  in.  Other  rabbits  showed  unmistakable  signs  of  iritis  by 
presenting  contracted  pupils. 

Tuberculosis  nodules  on  the  margin  of  the  pupil  have  been  pro- 
duced experimentally  by  deSchweinitz  and  Saxon  {Trans.  Sec.  on 
Ophth.,  Col.  of  PJiys.,  Phila.,  Oct.  20,  1910)  by  inserting  tubercular 
tissue  from  the  lower  eyelid  of  a boy  who  had  tuberculosis  of  the  con- 
junctiva in  the  anterior  chamber  of  a rabbit’s  eye.  The  tubercular  ba- 
cilli were  demonstrated  in  the  nodules  present  in  the  pupillary  margin. 

Tuberculosis  of  the  lung.  Pernot  examined  1,140  cases  of  phthisis 
pulmonalis  and  found  inequality  of  the  pupils  present  in  6 per  cent, 
of  cases  in  the  first  stage,  8 per  cent,  of  cases  in  the  second  stage  and 
14  per  cent,  of  patients  who  had  reached  the  third  stage  of  the  dis- 
ease. The  altered  pupil  was  on  the  side  of  the  greater  lesion  in  the 
lung.  In  the  first  stage  the  abnormal  pupil  was  dilated,  in  the  sec- 
ond stage  sometimes  dilated  and  sometimes  contracted,  and  in  the 
third  stage  usually  contracted.  The  ultimate  contraction  of  the 
pupil  was  explained  by  the  passing  over  from  the  state  of  irritation 
which  caused  the  dilatation  to  that  of  paralysis  of  the  sympathetic 
which  produced  the  contraction  of  the  pupil. 

Fodor  {\Wien.  med.  Wochensch.,  Nov.  11,  1910)  reported  mydri- 
asis or  slow  reaction  of  the  pupil  in  monolateral  pulmonary  tuber- 
culosis as  well  as  pleuritis,  thoracic  tumors,  aneurysms,  etc.  The 
reaction  test  is  best  made  in  a dull  light. 

Marich  {Rev.  Med.  de  la  Suisse  Romande,  Dec.,  1906)  observed 
four  cases  in  which  pupillary  inequality  was  present  in  incipient 
phthisis  pulmonalis.  There  is  no  doubt  whatever  about  the  value  of 
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this  discovery.  The  writer  observed  it  in  a case  that  came  while 
preparing  this  article.  A positive  diagnosis  of  acute  pulmonary 
tuberculosis  was  made  by  an  expert  internist.  Muralt  {Medizin. 
KKnik.,  1913,  p.  1814)  mentions  finding  the  pupils  of  dilferent  size 
in  about  50  per  cent,  of  cases  of  pulmonary  tuberculosis.  The  symp- 
tom appears  early  and  he  regards  it  of  considerable  importance  in 
the  differential  diagnosis.  The  more  dilated  pupil  is  usually  on  the 
diseased,  or  the  more  diseased,  side.  He  also  ascribes  the  cause  to 
the  local  irritation  of  the  sympathetic  due  to  inflammatory  process 
in  the  apex  of  the  lung.  The  symptom  may  be  constant  or  it  may  in- 
termit. (See  Pulmonary  lesions.) 

Tumor  of  corpus  quadrigeminum,  Diagnosis  in.  Pupil  inequality 
has  been  observed  from  tumor  of  the  corpus  quadrigeminum,  also 
occasional  absence  of  convergence  reaction  and  paralysis  of  accom- 
modation from  the  same  cause.  It  should  be  remembered  that  the 
inner  muscles  of  the  eye  may  escape  in  tumor  of  this  region  because 
the  position  of  the  nuclei  for  these  muscles  is  in  advance  of  those 
for  the  extraocular  muscles,  in  fact  rigidity  of  the  pupils  is  not  a 
common  sign  of  tumor  of  this  part  of  the  brain. 

Hence  it  is,  as  reported  by  Kilisch,  Bristowe,  Sachs  and  others,  that 
in  tumor  of  the  corpus  quadrigeminum,  especially  in  its  posterior 
part,  paralysis  of  the  third  nerve  in  all  its  branches,  excepting  those 
supplying  the  intraocular  muscles,  is  found.  Sachs  also  calls  atten- 
tion to  the  fact  that  the  nuclei  controlling  the  intraocular  muscles 
are  at  some  considerable  distance  from  those  governing  the  extra- 
ocular muscles.  (See  Diagnosis.) 

Tumors  in  the  pupil  area,  Occlusion  of  the  pupils  fro-m  cysts  and 
solid  masses.  Weeks  (Archiv.  of  Ophthal.,  Vol.  XLIII,  No.  5)  re- 
ports the  case  of  a woman  of  twenty-eight  in  whom  at  the  age  of 
eleven  pigment  masses  were  seen  in  the  pupils  springing  from  the 
pupillary  margin.  The  diagnosis  was  ectropium  of  the  uveal  pig- 
ment. The  vision  was  somewhat  impaired  at  that  time.  At  the  time 
Weeks  saw  her,'  at  the  age  of  twenty-eight,  the  pupils  presented  the 
appearance  shown  in  the  illustration.  The  pupil  area  was  entirely 
occluded  by  spherical  pigment  masses  varying  in  size.  The  tension 
was  normal  and  the  eyeball  otherwise  unaffected.  The  transillu- 
mination showed  these  masses  were  diaphanous.  The  light  projec- 
tion was  normal  in  each  eye.  An  iridectomy  upwards  was  made 
which  revealed  clear  lenses  presenting  no  pigment  deposits  and  there 
were  no  synechifB.  Attachments  to  the  uveal  layer  of  the  iris  caused 
some  stripping  of  that  membrane.  The  vision  became  20/20  after 
the  iridectomy.  The  pigment  masses  were  easily  seized  with  forceps 
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Illustrating  a Case  of  Symmetrical  Occlusion  of  the  Pupils  by  the-  develop 
ment  of  cysts  and  small  solid  masses  from  the  uveal  layer  of  the  iris. — Weeks, 
Arvh.  of  Oplitlial.,  Vol.  XLllI,  No.  ."j. 
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and  drawn  from  the  eye.  The  microscopic  examination  revealed 
them  to  be  cysts  tlie  result  of  stripping  of  the  pigment  layer.  Weeks 
considered  the  original  cysts  to  be  congenital  in  origin. 

Tumor  of  the  ijona.  Spiller  found  contracted  pupils  on  the  same 
side  as  tumor  of  the  pons.  “Its  presence  in  four  eases  shows  it  is  of 
diagnostic  significance  and  also  that  the  fibers  controlling  the  iris  pass 
through  the  pons.”  (See  Posey  and  Spiller,  p.  14).  The  explana- 
tion must  be  that  the  fibers  from  the  pupil-dilating  center  in  the  me- 
dulla were  paralyzed,  resulting  in  miosis. 

Tumor  of  the  optic  nerve.  When  the  exophthalmos  produced  by 
orbital  neoplasm  is  pronounced  enough  to  cause  paralysis  of  the  optic 
nerve,  or  when  an  optic  neuroma  causes  blindness,  the  pupil  does  not 
dilate  as  long  as  the  other  eye  is  exposed  to  the  light;  but  when  the 
other  eye  is  in  darkness  it  is  found  that  the  pupil  dilates  and  will  not 
react  to  the  light  (consensual  reaction).  This  is  in  conformity  with 
what  we  would  expect  and  goes  to  show  that  in  a blind  eye,  the  other 
eye  being  normal,  the  return  impulse  to  the  iris  from  the  pupil-cen- 
ters can  be  delivered  down  the  pathway  to  the  blind  eye  the  same  as  in 
the  eye  affected,  thus  showing  that  the  efferent  nerves  to  the  sphincter 
pupillae  are  not  affected  by  optic  atrophy.  If,  however,  the  ciliary 
ganglion  is  involved  we  then  find  the  pupil  dilated  and  non-re- 
sponsive  to  any  test. 

Ulcers  of  the  cornea.  In  ulcers  of  the  cornea  the  pupil  is  usually 
somewhat  contracted.  There  may  be  two  explanations  for  this:  (1) 
That  the  contraction  is  a reflex  defensive  effort  on  the  part  of  the 
iris  from  the  pain  incited  by  irritation  of  branches  of  the  fifth  nerve 
supplying  the  cornea  and  reflexed  from  the  ciliary  ganglion  along 
the  motor  strands  going  to  the  iris,  and  (2)  that  the  photophobia 
present  in  ulcers  indicates  there  is  hypersensitiveness  of  the  retina 
to  light  and  the  pupil  is  therefore  contracted.  (See  Cramp  of  the 
pupil  in  this  section.) 

Ultra-red  rays.  Reichen  (Zeit.  f.  Aug.,  January,  1914,  p.  20) 
studying  the  effect  of  short-waved  ultra-red  rays  on  the  eyes  of  rab- 
bits noted  after  their  use  an  irritation  of  the  iris  and  contraction  of 
the  pupil  lasting  several  hours.  Another  observer,  Vogt,  has  re- 
cently noted  that  the  iris  tissue  absorbs  ultra-red  rays.  Excessive 
absorption,  as  in  the  experiment  above  cited,  produces  iritis  and  con- 
tracted pupil. 

Ultra-violet  ra/ys.  The  pupil  may  be  obstructed  by  exudations 
from  the  iris  in  cases  where  there  has  been  a prolonged  exposure  of 
the  eye  to  intense  light,  such  as  could  occur  from  sun-glare,  the  elec- 
tric arc  or  the  mercury  vapor  lamp,  etc.  The  symptom  is  usually 
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associated  with  other  more  prominent  symptoms  such  as  ophthalmia, 
etc. 

Hertel  {Arch.  f.  Ophth.,  LXV,  I,  p.  107)  conducted  experiments 
on  rabbits  and  cats  to  see  the  effect  of  gas  and  electric  light  on  eyes 
that  had  had  the  optic  nerve  severed.  It  was  found  that  these  experi- 
ments produced  contraction  of  the  pupil  while  daylight  had  no  ef- 
fect. The  illumination  of  the  iris  tissue  by  this  test  caused  con- 
traction of  the  pupil  from  the  direct  action  of  ultra-violet  rays  on 
the  sphincter. 

Unihraculum  or  corpais  nigrv\m.  Sisson  {Ophthalmology,  Jam,, 
1909)  discussing  in  an  able  paper  the  effect  of  intense  sunlight  on 
the  eyes  of  man  and  the  lower  orders  goes  deeply  into  the  subject  of 
pigmentation  of  the  vascular  structures  within  the  eye.  Writing 
upon  the  subject  of  the  umbraculum  (p.  201)  he  states  that  it  is  an 
arrangement  of  the  iris  into  two  distinct  layers  which  are  particu- 
larly well  developed  in  the  eyes  of  the  horse  and  goat.  The  intensely 
pigmented  inner  stratum  of  the  iris  is  capable  of  projection  into  the 
pupillary  space  “in  much  the  same  manner  as  an  awning  is  let  down 
in  front  of  a shop  window,  and  for  the  same  purpose.”  This  “cor- 
pus nigrum,”  as  best  seen  in  the  domestic  horse  and  goat,  is  projected 
from  the  lower  pigment  layer  of  the  iris  and  acts  as  a shield  to  the 
retina  against  glare.  It  is  somewhat  thicker  and  more  abundant  in 
the  eyes  of  the  wild  ass,  nodulated  in  the  eyes  of  goats  and  gazelles 
and  further  elaborated  in  the  eyes  of  camels,  llamas  and  other  such 
animals  that  are  exposed  to  intense  glare.  In  the  llama  it  is  seen  as 
a series  of  dentate  projections  that  fit  in  one  another  when  the  pupil 
is  contracted  fully.  In  man  we  occasionally  see  small  aggregations 
of  pigment  at  the  pupil  margin  which  are  described  in  this  section 
elsewhere  under  the  subject  of  Ectropion  of  uveal  pigment. 

Uremia  ivith  te'mporary  functional  Uindness.  In  the  cases  of: 
uremia  in  which  sudden  and  total  blindness  sets  in  without  ophthal- 
moscopic lesion  being  present  the  pupils  react  to  the  light  singly 
and  consensually.  The  blindness  is  complete  but  the  pupils  continue 
to  react.  Active  purgation  and  sweating  restores  the  vision  prompt-- 
ly.  The  behavior  of  the  pupils  is  explained  by  assuming  the  blind- 
ness to  be  purely  cortical  and  functional.  The  pupillary  light  reflex 
arc  in  its  afferent  and  efferent  arms  reach  the  pupil-acting  center 
in  the  corpora  quadrigemina  and  down  to  the  sphincter  iridis  un- 
broken in  its  connection  by  the  functional  arrest  in  the  visual  areas 
of  the  cortex. 

Urenvi-c  coma.  The  pupil  in  uremic  coma  is  always  contracted  and 
the  two  pupils  equally  so.  The  response  to  light  is  absent  or  so  slight 
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as  to  pass  unnoticed.  This  is  helpful  in  diagnosing  uremic  coma  as 
compared  with  coma  from  increased  cerebral  pressure,  in  which  th^ 
pupils  are  widely  dilated.  But  just  before  death  in  uremic  coma 
the  pupils  begin  to  relax.  This  indicates  paralysis  of  the  brain  and 
oncoming  death. 

Visual  axis  in  the  pupil.  The  axis  of  vision,  when  the  patient 
looks  at  infinity,  is  not  always  exactly  in  the  center  of  the  pupil  but 
very  near  it.  It  may  be  a little  to  the  nasal  side  of  the  center  but  if 
the  patient  directs  his  vision  to  an  object  near  at  hand,  as  in  the  act 
of  reading,  the  axis  of  vision  shifts  slightly  to  the  nasal  side.  These 
facts  have  an  important  bearing  on  the  economic  problem  of  vision 
in  cases  of  an  ulcer  in  the  central  region  of  the  cornea. 

A scar  may  be  located  in  the  cornea  over  the  middle  and  outer 
areas  of  the  pupil  and  the  patient  retain  good,  if  not  normal,  vision, 
but  if  the  scar  is  located  a little  to  the  nasal  side  of  the  center  of  the 
pupil  it  has  a very  detrimental  effect  upon  the  sight.  This  prob- 
lem comes  up  in  the  surgical  treatment  of  keratoconus  by  means 
of  the  galvano-cautery.  It  must  always  be  borne  in  mind  that  in 
doing  an  optical  iridectomy  the  patient  will  not  use  the  newly-made 
pupil  so  long  as  there  is  20/200  vision  or  better  through  the  scar 
overlying  his  natural  pupil,  no  matter  how  clear  the  new  pupil- 
space  may  be.  In  order  to  compel  the  patient  to  use  the  newly-made 
pupil  in  the  act  of  seeing  it  is  necessary  to  obliterate  the  vision 
through  the  old  pupil  by  tattooing. 

Voluntary  dilatation  of  the  pupil.  Block  {Deutsche  med.  iWochen., 
1906,  31,  p.  1237)  reports  the  case  of  a morphin  habitue  who  had  no 
contraction  of  the  pupils  but  was  able  to  dilate  them  at  will  while  the 
visual  axis  remained  parallel,  by  simply  concentrating  his  thoughts 
on  dilatation  and  holding  his  breath  for  three  or  four  seconds.  The 
observation  speaks  in  favor  of  the  existence  of  associated  fibers  be- 
tween the  cerebral  cortex  and  the  dilator  center. 

Reichardt  explained  Block’s  case  by  assuming  that  the  dilatation 
accompanied  relaxations  of  the  aecommodation. 

Vossius’  ring.  Vossius  {Klin.  Monat.  f.  Augen.,  Aug.,  1906,  p. 
566)  described  a ring  deposit  on  the  anterior  capsule  of  the  lens 
resulting  from  a direct  injury  to  the  eyeball.  It  was  only  seen 
after  dilating  the  pupil  and  examining  with  a strong  lens. 

He  observed  the  ring  had  a brownish  color  and  in  some  cases  it 
was  quite  faint.  In  others  it  was  seen  to  be  made  up  of  fine  dots. 
This  deposit  disappeared  entirely  in  the  .course  of  four  weeks,  leav- 
ing normal  vision.  He  thought  the  opacity  was  due  to  the  pupillary 
margin  of  the  iris  being  pressed  against  the  lens  by  the  flattened 
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cornea.  The  brown  color  he  thought  was  due  to  iris  pigment  de- 
posited on  the  lens  capsule.  The  other  grayish  opacities  he  under- 
stood to  be  the  result  of  degenerative  changes  in  the  capsullar  epithe- 
lium similar  to  the  so-called  contusion  cataract  experimentally  pro- 
duced by  Schirmer  and  which  was  seen  to  disappear  by  regeneration 
of  new  endothelial  capsullar  lens  cells. 

Hoeg  held  that  Vossius’  theory  is  not  correct,  contending  that 
the  pressure  of  the  cornea  against  the  lens  does  not  exist;  that  the 
intervening  aqueous  under  compression  wmuld  rupture  the  iris.  He 

ascribes  the  phenomenon  to  elevation  of  pressure  in  the  anterior 
chamber. 

^ Gifford  {Ophthalmology,  Jan.,  1909)  reported  two  cases  of  Vos- 
sius’  ring  in  which  he  observed  fine  opacities  all  through  the  an- 
terior surface  of  the  lens.  Other  observers  have  also  noted  fine 
opacities  in  the  structure  of  the  lens  about  the  ring  deposit.  The 
following  year  {Ophth.  Record,  August,  1910)  he  reported  another 
case  of  Vossius’  ring  resulting  from  an  injury  to  the  eye  of  a boy  of 
eleven,  which  was  very  plainly  made  out  to  be  composed  of  fine  points 
thickly  crowded  together  and  many  small  opacities  all  through  the 
^terior  structure  of  the  lens  within  and  without  the  ring.  The  in- 
jury was  caused  by  a glancing  blow  in  which  the  cornea  could  not 
have  jammed  the  iris  against  the  lens,  according  to  Vossius’  explana- 
tion, and  so  he  believes  with  Hoeg  that  in  this  case,  at  least,  the  ring 
phenomenon  was  due  to  increased  pressure  of  the  aqueous  induced 
by  concussion.  He  refers  to  the  ease  of  Steiner  in  which  a ring 
was  formed  from  an  equatorial  injury.  The  front  aspect  of  the 
globe  received  none  of  the  brunt  of  the  blow  and  yet  there  was  a 
well-formed  Vossius’  ring  evidently  from  contra  coupe. 

Holloway  {Ann.  Ophthal,  Vol.  XXI,  No.  3,  p.  586)  cited  the  case 
of  a boy  who  had  been  struck  on  the  left  eyeball  by  a baseball.  The 
pupil  was  horizontally  oval  and  non-responsive,  mea.sured  6x5  mm. 
and  presented  no  notching  of  the  pupillary  margin.  A number  of 
punctate  opacities  were  scattered  through  the  anterior  layers  of  the 
lens  and  centrally  there  was  a ring-shaped  opacity  measuring  3 mm. 
in  diameter  made  up  of  numerous  fine  dots.  Eleven  days  after  the 
accident  the  ring-shaped  opacity  had  disappeared. 

Zentmayer,  in  discussing  the  case,  stated  this  condition  must  ex- 
ist much  more  frequently  than  the  cases  published  would  seem  to 
indicate  for  he  had  seen  it  three  or  four  times  in  his  own  practice 
and  thought  it  was  due  to  the  impact  of  the  pupillary  margin  upon 
the  lens  capsule~a  “record”  of  the  pupil  margin. 

Sweet  also  reported  a ease  at  the  same  meeting  and  stated  the  opac- 
ity disappeared  in  a few  weeks’  time. 
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Cramptoii  likewise  had  a similar  case  in  which  the  ring-opacity 
disappeared  almost  entirely  in  from  three  to  four  weeks. 

Zentmayer  in  closing  stated  that  nine  cases  of  this  condition  had 
been  reported  from  the  Giessen  clinic  during  a period  of  six  years. 

Wandering  pupil,  Amoeba  pupil.  Erlemneyer  (Berl.  Klin.  Wochen., 
XLIX,  p.  539)  describes  a unique  ease  of  “wandering”  or  “amoeba” 
pupil  in  a woman  of  forty-two.  He  mentions  the  case  as  being  one 
of  hysteric  clonic  spasm  of  the  iris.  There  was  anesthesia  of  the 
cornea  and  concentric  contraction  of  the  field  of  vision  (hysterical). 
The  patient  had  a distinct  aura  which  contined  during  the  attack. 
The  seizures  lasted  from  ten  to  twenty  seconds  and  were  repeated 
many  times  during  the  day.  The  vision  was  blurred  while  the  attack 
lasted.  During  the  attack  the  pupil  would  constantly  change  its  size 
and  shape,  the  fluctuation  being  greatest  at  the  inner  margin  of  the 
pupil  (affection  of  the  nasal  branch  of  the  sympathetic).  The  pupil 
was  sometimes  vertical,  sometimes  obliquely  oval  or  again  club- 
shaped;  it  would  spread  and  twist,  become  oval  and  assume  eccentrio 
positions.  (See  Cliang-ing  pupil  in  this  section.) 

Weder’s  secmidary  rea&tion.  Oarl  Weiler  (Zeitsch.  f.  d.  ges. 
Neurol,  u.  Psychiat.,^  II,  p.  2)  studied  the  normal  action  of  the  pupil 
in  84  healthy  persons  of  different  ages  and  found  that  there  was  a 
greater  response  to  slight  illumination  than  was  noted  in  strong 
illumination.  His  test  consisted  in  illuminating  one  pupil  and  then 
when  both  were  equally  contracted,  illuminating  the  other  with  the 
same  degree  of  light.  This  test  revealed  an  increased  miosis  of 
nearly  0.5  mm.  He  calls  this  the  “secondary  reaction”  and  consid- 
ers it  the  total  contraction  that  the  central  nervous  system  can  pro- 
duce by  a light  reflex  and  predicts  that  an  inference  can  be  drawn 
from  this  test  in  clinical  cases  which  may  assist  in  localizing  the 
cause  of  pupillary  disturbance. 

Wernicke’s  hemiopic  pupillary  reaction.  C.  B.  Walker  {Jour.  A. 
M.  A.,  Sept.  27,  1913)  presented  a remarkable  paper  on  the  subject 
'of  “Topical  Diagnostic  Value  of  the  Hemiopic  Pupillary  Reaction 
and  the  Wilbrand  Hemianoptic  Prism  Phenomenon  with  a;  New 
iMethod  of  Performing  the  Latter.”  He  uses  the  term  “hemiopic” 
to  imply  r^triction  of  retinal  function  and  “hemianoptic”  to  refer 
to  field  or  visual  conditions.  Prom  the  literature  on  the  subject 
Walker  .states  the  following: 

Heddaeus  first  proposed  the  diagno.stic  possibilities  of  a hemiopic 
pupillary  reaction,  but  three  years  later  it  was  popularized  by  Wer- 
nicke and  is  now  .spoken  of  as  the  “Wernicke  reaction.” 

Heddaeus,  in  his  inaugural  dissertation  at  Halle  in  1880,  after  re- 
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Objective  Pupillometer ; a,  head-spring;  b,  ophthalmoscope  lamp;  c,  mirror 
d,  d',  velvet  pad;  e,  14  D.  trial-case  lens. 


Entopic  Pupillometer:  a,  milk-glass;  b,  stopper;  c,  ophthalmoscope  lamp; 

d,  dispersion-circle. 
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porting  his  findings  as  to  the  pupillomotor  relation  of  blind  and  see- 
ing retinas,  advanced  the  half-sided  or  heniiopic  pupillary  reaction 
as  an  aid  in  determining  whether  the  lesion  producing  the  hemian- 
opsia was  central  or  peripheral  to  the  basal  stem  ganglia  cells  and 
gave  one  case  in  which  the  reaction  was  observed.  Wilbrand  in 
1881  made  a similar  proposal. 


Test-light  Scheme:  a,  milk-glass;  b,  diaphragm;  c,  carriage;  R R',  resistance; 
e,  e',  movable  contact-bar;  d,  d',  stops;  f and  h,  circuit -breaker; 
g,  alternating-switch;  k,  contact-bar  for  light  0. 

In  January,  1883,  Wernicke  published  an  elaboration  of  the  re- 
action, mainly  on  theoretical  grounds,  as  a certain  method  of  locat- 
ing a hemianoptic  lesion  anterior  or  posterior  to  the  corpora  quad- 
rigemina,  which  was  considered  the  sole  point  of  deviation  of  the 
pupillary  reflex  of  the  oculomotor  nerve.  Since  then  the  half-sided 
pupillary  reaction  of  Ileddaeus  has  become  known  as  the  Wernicke 
reaction.” 

In  this  reaction  it  was  a.ssumed,  (first)  that  the  entire  retina  was 
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pupillomotoric  since  it  seemed  to  react  promptly  to  a beam  of  light 
thrown  on  the  pupil  from  any  part  of  the  field,  though  it  was  known 
that  the  macular  retina  was  far  more  active  than  the  peripheral 
retina;  (second)  that  pupillomotoric  activity  persisted  in  the  entire 
blind  area  of  the  retina  if  the  lesion  was  posterior  to  the  reflex  ^rc, 
since  this  was  apparently  found  to  be  the  case  in  totally  blind  eyes; 


F G 


Plan  of  Rotary  Shutter,  Assembled  in  C from  Segments  F,  G and  B,  in  the  posi- 
tion where  the  equal  areas  L and  L'  are  cut  down  to  about  one-half  full 
size.  A-A'  fixing  clamps  for  holding  segments  in  place. 

(third)  that  it  was  possible  to  stimulate  isolated  areas  of  the  retina, 
without  materially  affecting  the  macular  and  other  regions. 

Further  assumption  as  to  the  path  of  the  reflex  from  the  optic  to 
the  oculomotor  nerve  was  made,  which  for  practical  purposes  has  not 
since  been  greatly  altered  although  it  has  long  been  the  subject  of 
much  controversy.  In  a general  way  a pupillomotor  impulse  may 
be  considered  to  pass  from  the  retina  through  the  optic  nerve  to  the 
external  geniculate  body  and  the  pulvinar  of  the  optic  thalamus,  but 
more  largely  to  the  anterior  corpora  quadrigemina.  From  these 
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points  they  ai-e  “relayed”  to  the  nucleus  of  the  third  nerve,  thence 
through  the  third  nerve  to  the  ciliary  ganglion  and  then  through  the 
short  ciliary  nerves  to  the  sphincter  iridis. 

In  1887  Seguin  reported  three  cases  of  bitemporal  hemianopsia 
with  positive  Wernicke.  The  fields  were  determined  on  a black-board. 
A beam  of  light  was  thrown  on  the  pupil  from  the  extreme  temporal 
side  with  very  slight  or  no  pupillary  reaction.  As  the  light  was  car- 
ried toward  the  line  of  vision  little  reaction  was  noted  until  within 
from  50  to  60  degrees  of  the  line  of  vision  and  the  reaction  was  not 


Graphic  Representation  of  Pupillomotor  Sensitiveness  after  Loss  of  Lig^per 
ception:  a,  curve,  showing  normal  sensitiveness  at  different  points  trom 
the  center;  b,  asymmetric  progression  as  failure  takes  place. 


marked  until  the  center  or  thereabout  was  reached,  while  on  the 
nasal  side  there  was  prompt  reaction  from  any  point. 

In  1889  Schmidt-Rimpler  reported  a case  of  definite  cortical  lesion 
with  hemianopsia  in  the  right  eye  resulting  from  a trauma  to  the 
skull.  The  left  eye  was  previously  blind  from  corneal  scars.  The 
hemiopic  pupillary  reaction  was  not  present  at  first,  but  was  demon- 
strable several  years  after,  which  fact  was  explained  as  being  due 
to  secondary  degeneration  of  the  right  optic  tract. 

In  1892  Leyden  was  the  first  to  report  a case  in  which  the  pres- 
ence of  the  hemiopic  pupillary  reaction  had  led  to  the  correct  diag- 
nosis of  the  lesion  as  anterior  or  peripheral  to  the  corpora  quadri- 
gemina,  as  verified  by  autopsy. 
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In  spite  of  the  weight  of  this  evidence,  Heddaeus,  the  very  next 
year,  regretfully  but  firmly  rejected  the  “beautiful  theory”  of 
hemiopic  pupillary  reactions  and  became  its  first  and  perhaps  strong- 
est opponent  up  to  the  time  of  Hess,  He  found  two  cases  which  led 
him  to  change  his  views.  The  first  case  was  a superior  hemianopsia 
due  to  partial  retinal  embolism  in  which  no  difference  in  pupillary 


Some  of  the  Arrangements  of  Apparatus  Necessary  for  Making  Tests;  the 
patient  has  been  turned  round  to  face  the  camera  for  better  exposure, 

reaction  could  be  obtained  from  the  seeing  or  blind  retina,  though 
the  lesion  was  obviously  peripheral.  The  other  case  was  an  inferior 
hemianopsia  with  an  absolute  central  scotoma  extending  20  degrees 
into  the  upper  field  resulting  from  a direct  injury  to  the  optic  nerve. 
Although  good  peripheral  light  perception  was  present,  tliere  was 
no  demonstrable  direct  pupillary  reaction  even  with  reflected  sun- 
light although  the  consensual  reaction  from  light  thrown  in  the  good 
eye  was  prompt. 
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Heddaeus  concluded  from  this  that  only  the  macular  region  con- 
tained pupillomotor  fibers  and  clearly  stated  that  pupillary  reaction 
obtained  by  illuminating  the  peripheral  retina,  in  any  case,  simply 
represented  the  stimulation  to  the  macular  region  by  refiected  or 
refracted  light  and  not  stimulation  from  the  area  of  retina  illu- 
minated. Accordingly,  to  keep  the  amount  of  dispersion-light  strik- 
ing the  macular  region  as  nearly  constant  as  possible  in  his  examina- 
tion, he  originated  what  was  later  elaborated  by  Hess  as  the  “hemi- 
kinetic  method.”  In  this  method  two  lights  of  equal  intensity  were 
placed  equidistant  from  the  fixation-point  and  from  the  eye  to  be 
examined,  the  other  being  blinded  with  a bandage.  When  one  light 
was  covered  at  the  same  instant  that  the  other  was  exposed,  alter- 
nately, he  found  in  accordance  with  his  theory  no  notable  change  of 
pupillary  size. 

Though  well  founded,  these  views  did  not  produce  many  converts. 
In  fact  Rothman,  the  next  year  (1894)  strongly  indorsed  the  hemi- 
opic  pupillary  reaction  test.  He  reported  a case  with  a central  sco- 
toma of  10  degrees,  supposed  to  be  due  to  a tumor  of  the  base  of 
the  skull  pressing  on  the  optic  nerve  and  still  direct  pupillary  reac- 
tion to  light  was  present,  though  weakened.  Further,  he  found  a 
case  of  apoplexy  with  left  homonymous  hemianopsia  and  paralysis 
of  the  left  side  with  right  conjugate  deviation.  In  spite  of  the  lat- 
ter he  believed  that  he  demonstrated  the  hemiopic  pupillary  reac- 
tion first  in  the  right  eye  and  later  in  the  left.  But  still  later  as  the 
paralysis  improved  the  reaction  disappeared.  From  a study  of  these 
and  other  cases  he  deduced  the  following  possibilities  of  the  hemi- 
opie  pupillary  reaction:  (1)  If  it  is  found  in  an  acute  case  of 
hemianopsia,  the  lesion  is  in  the  region  of  the  optic  tract.  (2) 
If  in  such  a case  the  reaction  later  disappears,  the  lesion  was  prob- 
ably in  the  internal  capsule  and  produced  the  phenomenon  temporar- 
ily from  a distance.  (3)  If  the  reaction  does  not  appear,  the  lesion 
is  beyond  the  internal  capsule.  (4)  If  the  reaction  appears  in  a 
long-standing  hemianopsia,  it  speaks  for  degeneration  in  the  optic 
tract  and  primary  centers.  (5)  Hemiopic  pupillary  reaction  with- 
out hemianopsia  means  a lesion  somewhere  between  the  corpora 
^luadragimina  body  and  sphincter  iridis. 

Henschen,  in  1895,  after  an  examination  of  pupillary  reflex  in 
twenty-six  hemianoptie  ca.ses,  many  of  which  came  to  autopsy,  came 
to  the  conclusion  that  the  reaction  was  present  in  lesions  of  the 
chia.sm,  the  optic  nerve  and  in  lesions  of  the  posterior  tract  and  pul- 
vinar  of  the  optic  thalamus,  but  not  in  lesions  of  the  posterior^  cor- 
pora quadrigemina.  The  method  of  examination  was  the  usual  single 
beam  of  light  from  small  diaphragm. 
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In  the  same  year  Heddaeus  pointed  out  the  possible  role  of  the 
psychic  or  “cortical  pupillary  reflex”  of  Haab  in  elicitation  of  the 
hemiopic  pupillary  reflex.  (See  Haah’s  cortical  reflex  test  elsewhere 
in  this  section.)  While  Heddaeus  was  uncertain  whether  this  was  a 
pure  cortical  reflex  or  a complicated  accommodation  reflex,  possibly 
through  the  acousticus,  he  was  certain  that  all  observations  of  posi- 
tive hemiopic  pupillary  reflexes,  from  which  it  could  not  or  had  not 
been  excluded,  were  worthless. 

In  1899  Wilbrand,  having  become  convinced  that  the  Wernicke 
hemiopic  pupillary  reaction  was  a practical  failure,  decided  that  a 
new  method  to  the  same  end  was  desirable,  and  proposed  his  hemi- 
anoptic  prism  phenomenon.  AVith  one  eye  covered  the  hemianoptic 
patient  was  told  to  concentrate  attention  on  a small  white  point  on 
a black  wall.  A strong  prism  was  then  suddenly  placed  before  the 
eye,  throwing  the  image  on  the  blind  retina.  If  the  eye  instantly 
moved  so  as  to  fix  on  the  point  again,  the  lesion  was  central;  other- 
wise it  was  peripheral  to  the  basal  stem  ganglia.  Likewise  if  the 
prism  was  suddenly  interposed,  throwing  the  light  on  the  seeing 
retina,  the  eye  instantly  moved  to  fix  the  image  again;  but  when 
the  prism  was  suddenly  removed  the  eye  would  once  more  jerk  back 
to  fix  the  point  or  not  according  as  the  lesion  was  central  or  periph- 
eral. While  he  found  positive  or  central  cases  verified  at  necropsy, 
he  found  no  negative  or  peripheral  cases.  The  test  may  be  made 
binoeularly  in  homonymous  cases. 

In  the  same  year  further  observations  were  made  on  both  sides  of 
the  hemiopic  pupillary  reaction  question.  Silex  in  presenting  a case 
of  tumor  in  the  chiasmal  region  with  atypical  homonymous  hemianop- 
sia, stated  that  he  had  no  faith  in  the  Wernicke  reaction  practically 
because  of  the  physical  impossibility  of  stimulating  isolated  areas  of 
retina  with  light  without  at  the  same  time  stimulating  the  other 
parts  of  the  same  retina.  Liebrecht,  considering  the  dia^ostic  value 
of  the  hemiopic  pupillary  reaction  regarded  it  to  stand  on  a very  weak 
foundation. 

Schwartz,  on  the  other  hand,  from  his  own  experience  and  on  the- 
oretical grounds,  actively  defended  the  hemiopic  pupillary  reaction, 
contending  that  these  objections  were  of  no  importance  so  long  as  a 
difference  in  pupillary  reac^on  could  be  obtained  from  the  blind  and 
seeing  retina. 

In  1901  A^ossiiis  actively  defended  the  value  of  the  hemiopic  pupil- 
lary reaction  both  theoretically  and  practically,  having  found  it  trust- 
worthy in  his  own  experience.  At  the  same  time  Hirschberg  reported 
a case  with  a central  scotoma  of  about  15  degrees,  due  to  optic-nerve 
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trouble,  in  which  there  was  no  direct  pupillary  reaction  whatever, 
though  the  consensual  reaction  was  present. 

In  1904  Lange  reported  a most  interesting  case  of  complete,  sharp- 
ly-defined, bitemporal  hemianopsia  of  truly  traumatic  origin.  It  is 
the  fii-st  case  on  record  where  a fracture  of  the  base  of  the  skull 
severed  the  chiasm  sagittally.  The  hemiopic  pupillary  reaction  was 
demonstrated  by  the  common  method,  {vid&  infra,  with,  illustra- 
tion). 

Bach  in  the  same  year,  after  an  extended  study  of  the  pupil  in 
different  conditions,  stated  that  he  had  never  seen  a pure  hemiopic 
pupillary  reaction  and  considered  many  positive  reports  as  prob- 
ably incorrect.  (See  Pathology  of  the  pupil  in  this  section.) 

Late  in  1906  Bielschowsky  examined  a case  of  undoubted  chias- 
mal disease  resulting  in  blindness  of  the  left  eye  and  temporal  hemi- 
anopsia of  the  right  eye.  Although  the  pupillary  reaction  is  not 
mentioned,  the  Wilbrand  test  was  carefully  observed  in  a dark-room. 
A 40-degree  prism  was  used  with  a flame  for  the  fixation  object.  Con- 
trary to  expectation,  when  the  image  was  thrown  on  the  blind  retina 
of  the  right  eye  there  was  prompt  motion  to  refix  the  object.  The 
patient  was  an  intelligent  young  girl. 

Hess  in  1907  introduced  an  entirely  new  method  of  examining 
the  pupillary  reflex.  (See  elsewhere  in  this  section.)  He  realized,  as 
Heddaeus  had  previously  pointed  out,  that  dispersion  light  in  the 
eye  arising  from  the  refractive  surfaces,  the  transit  of  the  media 
and  reflection  from  the  retina,  was  a great  obstacle  in  eliciting  pupil- 
, larj"  reaction  purely  from  isolated  parts  of  the  retina,  especially 
wnth  the  macular  region,  as  had  long  been  known,  much  more  sensi- 
tive than  the  peripheral  retina.  Indeed,  he  found  that  with  the 
entire  cornea  carefully  covered  with  a close-fitting  black  shell  in 
the  conjunctival  sac,  a good  pupillary  reflex  could  be  obtained  in 
the  dark-room  by  the  usual  test  light  from  a diffuse  illumination  of 
the  retina  d-iasclerally.  The  consensual  pupillary  reaction  was  tested 
by  the  entopic  method,  that  is,  by  the  eye  observing  its  own  pupil- 
lary reaction.  The  eye  is  covered  by  a blinder  which  has  a fine  pin- 
point opening  a few  millimeters  from  the  pupil.  This  pin-hole  is 
illuminated  by  a very  small  electric  lamp  encapsulated  in  a light- 
tight box.  The  dispersion-circle  falling  on  the  retina  is  seen  to 
vary  in  size  with  the  pupil,  since  the  pupil  determines  its  size.  This 
method  is  perhaps  the  most  delicate  test  for  pupillary  change  in 
size.  Next  a modified  perimeter  with  a small  pin-hole  fixation-point 
illuminated  by  an  encapsulated  electric  light  and  a likewise  illu- 
minated milk-glass  test  object  bright  enough  to  give  active  pupillary 
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reaction  was  constructed.  The  test  object  or  light  could  be  regu- 
lated as  to  size,  intensity  and  fixed  position  on  the  arc.  Hess  noted 
entopically  no  pupillary  change  when  the  test  light  was  moved  con- 
centrically with  the  fixation-point.  Further,  when  the  test  light,  made 
entirely  invisible  except  for  a sheen  of  dispersion-light,  by  > placing 
it  on  the  blind  spot,  it  could  be  moved  up  or  do\vn  on  to  the  seeing 
retina  concentric  with  the  fixation  point  without  producing  any 
change  in  the  pupillary  size  whatever;  but  any  slight  movement 
toward  the  fixation-point  gave  a contraction,  and  motion  away  from 
it,  a dilatation  of  the  pupil.  This  was  considered  proof  that  the 
pupillomotoric  retina  could  not  be  greater  in  radius  than  the  dis- 
tance from  the  blind  spot  to  the  macula.  By  carefully  blinding  one- 
half  of  the  retina  by  looking  for  one  or  two  minutes  at  a point  on  the 
edge  of  a large  uniformly  very  bright  surface,  and  then  moving  the 
test  light  back  and  forth  from  light  to  dark-adapted  retina  concen- 
tric with  but  at  varying  distance  from  the  fixation-point,  it  was  found 
that  the  area  of  pupillomotoric  retina  about  the  macula  could  be  still 
further  restricted  to  about  4 mm.  in  diameter.  (See  Pupillomotor 
fibres  in  this  section.) 

In  a second  communication  in  1908  Hess  elaborated  the  double 
light  test.  Two  equal  areas  of  milk-glass  were  alternately  exposed 
at  equal  distance  from  the  fixation-point.  These  two  areas  were  il- 
luminated equally  from  behind  by  the  same  light.  The  alternate 
exposure  was  effected  by  a sliding  screen  with  two  openings  of  the 
same  size  and  shape  so  placed  that  during  the  alternation  one  area 
was  cut  dovm  at  exactly  the  same  rate  at  which  the  other  was  in- 
creased; thus  at  all  times  the  total  area  of  illuminated  .retina  was 
constant  and  equal  to  that  of  one  area  alone.  In  this  manner  the 
total  amount  of  light  entering  the  eye,  as  well  as  the  amount  of  dis- 
persion-light reaching  the  macula,  was  at  all  times  constant.  Any 
pupillary  reaction  must  then  be  due  to  inequality  of  pupillomotor 
sensitiveness  of  the  two  peripheral  retinal  areas  stimulated.  By  use 
of  this  method  Hess  was  able  to  show  that  the  macula  itself  was  the 
most  active  point  of  the  pupillomotor  region  of  the  retina.  Further, 
that  the  pupillomotor  sensitiveness  falls  off  about  the  macula  in 
much  the  same  manner  as  the  color  sensitiveness — ^that  is,  more  rap- 
idlj’’  temporally  on  the  retina — and  can  likewise  be  plotted  on  n field- 
chart.  Hess  examined  by  this  test  a case  of  absolute  central  scotoma 
in  one  eye  from  nerve  disease.  Careful  measurement  of  the  scotoma 
corresponded  to  an  area  of  macular  retina  2 mm.  in  vertical  and  4 
mm.  in  horizontal  extent.  The  direct  pupillary  reaction  was  barely 
noticeable  even  with  a strong  flashlight,  while  in  the  other  eye  the 
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direct  and  consensual  reaction  to  the  opposite  side  was  prompt  even 
in  a very  weak  light. 

A few  months  later  Best  reported  a case  which  he  considered  to 
argue  against  the  view  that  the  peripheral  retina  is  devoid  of  pupil- 
lomotor sensitiveness.  This  patient  had  vision  only  in  the  upper 
temporal  quadrant  in  the  left  eye.  The  field  did  not  reach  nearer 
than  10  degrees  of  the  center.  The  right  eye  was  umnvolved.  By 
testing  with  a candle  moved  about  on  the  perimeter,  and  likewise 
by  refiecting  light  in  the  eye  from  a lamp  back  of  the  patient’s  head, 
the  pupillary  reaction  was  found  to  correspond  to  the  seeing  field 
and  was  even  found  to  be  less  central  than  in  the  seeing  field.  Numer- 
ous other  minor  objections  to  various  points  in  the  work  and  de- 
ductions of  Hess  were  also  offered. 

In  1909  Hesse  repeated  the  work  of  Hess,  with  agreement  for  the 
most  part,  although  he  could  not  convince  himself  that  there  was 
absolutely  no  peripheral  retinal  pupillomotor  sensitiveness.  In  an- 
other experiment  he  determined  relatively  the  minimal  light-strength 
necessary  to  produce  the  pupillary  reaction  normally,  after  care- 
fully blinding  the  macular  region  out  to  10  or  20  degrees  he  thus 
found  a light-strength  which  would  not  give  a pupillary  reaction 
centrally  but  would  peripherally.  Hesse  concluded  from  these  tests 
that  the  retina  did  have  a low-grade  pupillomotor  sensitiveness 
peripherally,  quite  useless  for  diagnostic  purposes  unless  possibly  in 
intelligent  patients  who  could  use  the  entoptic  method. 

Behr  reported  a series  of  twenty  cases  of  hemianopsia.  Special 
attention  was  given  to  the  hemiopic  pupillary  reaction  and  the  Wil- 
brand  prism  test.  There  was  found  no  reason  to  believe  that  the 
macula  only  is  pupillomotoric.  The  hemiopic  pupillary  reaction  was 
found  present  in  all  peripheral  cases  and  absent  in  all  central  cases. 
Although  the  instruments  proposed  by  Hess  were  not  used,  a sub- 
stitute was  used  in  the  form  of  two  fixed  electric  lights  alternately 
exposed  at  equal  distance  from  the  fixation-point  after  the  method 
previously  used  by  Heddaeus. 

Krusius  in  1910  reported  a very  careful  examination  of  four  cases, 
u.sing  an  instrument  evidently  after  the  hemikenetic  or  sliding-shut- 
ter type  of  Hess.  He  concluded  that  although  the  hemiopic  pupil- 
lary reaction  might  prove  of  some  value,  the  Wilbrand  test  was  very 
doubtful. 

A few  months  later  Kollner  reported  the  Wilbrand  tests  on  nine 
cases  of  homonymous  hemianopsia  with  macular  sparing  of  from  2 
to  8 degrees,  all  presumably  of  central  origin.  He  agreed  with  Kru- 
sius that  the  Wilbrand  hemiopic  prism  phenomenon  was  of  doubt- 
ful value. 
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Walker’s  report  on  his  apparatus  and  method  of  performing  the 
hemiopic  pupillary  reaction.  “Figure  1 represents  a considerably 
modified  monocular  pupillometer  after  the  principle  of  Krusius. 
It  is  held  in  position  over  the  patient’s  eye  by  a brass  head-spring 
attached  at  a.  A rheostated  electric  ophthalmoscope  lamp  (b)  with 
frosted  globe  illuminates  the  patient’s  pupil  whose  image  is  thrown 
by  the  calibrated  adjustable  laryngoscopic  mirror  (c)  into  the  ob- 
server’s eye  after  being  magnified  by  a 14-D  trial  case  lens  (e). 
All  extraneous  light  is  excluded  from  both  eyes  by  the  thick,  close- 
fitting  black  velvet  rim-padg  (d).  By  this  means  an  objective  exam- 
ination of  either  eye  can  readily  be  made  without  interfering  with 
the  field  of  vision  of  the  other  e.ye. 

“In  figure  2 is  shown  the  more  accurate  entoptic  apparatus  modi- 
fied from  that  used  by  Hess.  A considerable  improvement  for  clin- 
ical purposes  is  produced  by  the  addition  of  several  pin-hole  open- 
ings which  can  be  used  at  will  on  either  eye  to  bring  the  dispersion- 
circle  into  the  best  pasition  for  observation,  especially  when  field 
defects  are  present.  In  each  case  the  pin-hole  is  illuminated  through 
a thin  milk-glass  or  o-iled  paper  (a).  The  resulting  dispersion-cir- 
cle (d)  falling  on  the  retina  is  limited  in  size  only  by  the  size  of  the 
pupil.  The  apparatus  is  fixed  over  the  eye,  and  outside  light  ex- 
cluded in  the  same  manner  as  that  described  before.  With  these 
modifications  many  more  patients  are  able  to  use  this  method.  Only 
average  intelligence  is  necessary. 

“Figure  3 shows  the  form  of  test-light  (A)  used.  The  strength 
of  the  light  may  be  varied  in  the  first  place  by  choice  from  a series 
of  lamps  rajiging  from  2.8  volts  to  5.5  volts,  tungsten  filaments, 
secondly  by  resistance  (R,  R')  connected  in  series,  and  thirdly'-  by 
regulating  the  ordinary  rheostat  current  by  which  the  electric  oph- 
thalmoscope is  operated  from  the  house-current,  and  finally  by  dif- 
ferent sizes  of  diaphragms  (b)  thereby  varying  the  area  of  illuminated 
milk-glass  (a)  from  any  size  up  to  4 cm.  in  diameter.  This  light- 
capsule  is  attached  to  a carrier  (c)  traveling  on  an  ordinary  plain 
perimeter  with  arms  bent  back  to  form  a wider  arc  (from  20  to  30 
cm.  radius). 

“For  isokinetic,  hemikinetic  and  other  tests  a simple  svdteh  and 
wiring  system  for  controlling  two  exactly  similar  lights  as  desired 
is  provided.  The  switch  has  two  contact  bars  (e,  e')  movable  as  in- 
dicated by  the  arrows  so  that  any  interval  or  no  interval,  with  one 
contact  being  made  before  the  other  is  broken,  can  be  obtained  by 
adjustment.  In  the  position  .shown  in  figure  3 the  current  will  light 
B.  Moving  the  switch  across  the  interval  lights  A and  turns  off  B. 
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Either  light  may  be  turned  off  without  lighting  the  other  by  throw- 
ing the  switch  farther  over  till  h leaves  / and  strikes  either  top 
(d,  d')  as  the  ease  may  be.  By  means  of  the  resistances  (R,  R')  two 
equal  lights  can  be  balanced  quickly  in  an  ordinary  photometric  box, 
and  by  adjustment  of  the  switch  can  be  made  to  show  no  change  of 
intensity  in  alternate  lighting,  both  in  the  photometric  box  and  by 
a further  slight  adjustment,  on  the  normal  pupil  by  the  entopic 
method.  Of  course  much  stronger  lights  can  be  used  with  the  same 
system. 

“^Yhile  this  method,  when  the  larger  diaphragms  are  used,  is  sat- 
isfactory, in  performing  the  hemikinetic  test  of  bless,  it  is  also  desir- 
able to  have  at  hand  the  instrument  of  shutter-type  as  described.  A 
different  style  of  shutter  which  has  several  advantages  is  provided. 
The  shutter  shown  in  figure  4 is  rotary  and  not  sliding  as  devised  by 
Hess.  This  shutter  gives  a symmetric  distribution  about  the  macula, 
with  the  weak  or  peripheral  retina  receiving  the  largest  part  of  tha 
image,  while  the  smallest  part  is  nearest  the  sensitive  macula.  The 
shutter  works  smoothly  and  accurately  and  without  shaking  the  in- 
strument, as  the  sliding  shutter  of  Hess  may  do.  Most  important 
of  all,  the  light  in  changing  is  cut  off  and  added  in  increments  situ- 
ated with  absolute  symmetry  with  respect  to  the  macula,  while  with 
the  sliding  shutter  during  the  change  light  is  taken  from  one  side 
and  added  to  the  other  side  at  a different  distance  from  the  macula. 
This  will  cause  a slight  reaction  at  the  time  of  alternation,  aside  from 
light  adaptation  phenomena.  A plain  shutter  of  the  rotary  type 
ha\dng  fixed  sizes  of  light  surface  is  easy  to  make;  but  considerable 
and  accurately  symmetric  variation  in  the  size  of  the  light-surfaces 
without  changing  the  fixation-point  may  be  obtained  by  use  of  seg- 
ments patterned  as  shown  in  figure  4.  These  segments  cross  in  the 
center,  scissor  fashion,  and  make  up  a disk.  Superimposition  of  seg- 
ments not  crossing  the  center  gives  a fiat  surface  on  which  the  semi- 
circular shutter  may  rotate.  A fine  hole  through  the  central  bind- 
ing-pin serves  as  a fixation-point.  The  shutter  is  operated  by  a 
spring  lever  as  in  the  ordinary  rotary  camera-shutter.” 

Fig.  5 illustrates  the  normal  pupillomotor  sensitiveness  according 
to  Hess  at  different  points  from  the  center  as  represented  by  the 
curve  (a),  as  failure  takes  place  it  may  progress  asymmetrically  till 
possibly  it  may  take  the  curve  represented  by  the  dotted  line  (b) 
(Fig.  5). 

‘‘The  photograph  shown  in  figure  6 may  serve  to  give  an  idea  of 
some  of  the  necessary  arrangements  of  apparatus  for  making  these 
tests,  except  of  course  that  the  patient  has  been  turned  around  to 
face  the  camera  for  better  exposure.” 
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Walker  examined  painstakingly  twelve  eases  from  the  neurologic 
surgical  clinic  of  Harvey  Cushing.  As  these  cases  represented  types 
illustrating  lesions  anterior  and  posterior  to  the  basal  stem  ganglia 
cells  the  fields  taken  and  the  results  of  the  tests  (greatly  abbreviated) 
are  presented  for  study  and  comparison : 


Case  1.  Fields  Taken  by  Use  of  Tactile  Fixation  and  Numerous  Disks 

Simultaneously. 


Case  2.  Field,  Left  Eye,  Taken  by  Use  of  Walker’s  Combination  Blinder  and 
Macular  Selector  on  Eight  Eye  with  Proper  Allowance  for 
Strabismus;  0.5  cm.  Disk. 

Case  I.  Familial  optic  atrophy.  Binasal  and  central  blindness. 
Wernicke  present,  Wilbrand  impossible  on  account  of  the  nature 
of  the  fields  (anterior  lesion). 

Case  II.  Disease  of  hypophyseal  and  pineal  glands.  All  pupil- 
lary reactions  and  tests  negative. 
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Case  III.  Brain  tumor  (subtentorial)  with  papilledema,  internal 
hydrocephalus,  etc.  Fields:  small  retained  crescentic  on  bitemporal 
sides  of  macula  with  absolute  central  scotoma.  Wernicke  slightly 
positive.  Wilbrand  of  no  value.  Other  tests  indefinite  (posterior 
with  secondary  anterior  lesion). 


Case  3.  0.5  cm.  Disks. 


Case  4.  0.5  cm.  Disks. 


Case  IV.  Modified  bitemporal  hemianopsia  (hypophyseal). 
Wernicke  negative.  Wilbrand  positive  with  left  eye,  negative  with 
right.  (Anterior  lesion.) 
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Case  V.  Dispituitarism.  Complete  bitemporal  hemianopsia,  par- 
tial binasal  fields  retained.  Wernicke  slig'htly  positive,  Wilbrand 
slightly  positive  (tardy  refixing).  (Anterior  lesion.) 


Case  5.  0.5  cm.  Disks. 


Case  6.  ' 


Case  VI.  Hypophyseal  struma.  Typical  bitemporal  hemianop- 
sia. Wernicke  entirely  negative  (no  difference  on  illuminating  the 
blind  or  seeing  side  of  the  retina).  Wilbrand  negative  at  first.  (An- 
terior lesion.)  (Walker  calls  attention  to  the  possibility  of  retained 
pupillomotoric  activity  in  the  presence  of  absent  vision.  The  latter 
degeneration  preceding  the  former  as  has  been  noted  before.) 
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Case  VI L Sphenoidal  and  posterior  ethmoidal  disease.  Absolute 
small  central  scotoma  with  good  periphery.  Wernicke  nega;tive,^ 
pupils  react  about  normally.  Wilbrand  negative,  patient  fixes  prompt- 
ly. (Anterior  lesion.) 


Case  7.  Fields  Taken  More  Elaborately,  in  the  Same  Manner  as  in  Case  i. 


Case  8.  0.5  cm.  Disks. 


Case  VIII.  Hypophyseal  tumor  extending  backwards.  (Prob- 
ably a primary  posterior  lesion  which  has  extended  forward  to  in- 
volve the  pituitary.)  Fields:  Right  homonymous  hemianopsia 
rather  sharply  defined.  Wernicke  positive  by  all  tests.  Wilbrand 
positive  also  (could  not  refix).  (Posterior  and  anterior  lesion.) 
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Case  IX.  Cerebral  hemorrhage.  Left  homonymous  hemianopsia. 
Wernicke  negative  by  all  tests.  Wilbrand:  slight  tardy  refixation 
(posterior  lesion). 


Case  9.  0.5  cm.  Disks. 


Case  10.  0.5  cm.  Disks. 


Case  X.  Tumor  right  temporal  lobe.  Right  (partial)  homonymous 
hemianopsia.  Wernicke  negative  (pupil  reacts  from  illumination  of 
either  the  blind  or  seeing  side  of  the  retina).  Wilbrand:  refixing 
promptly  (posterior  lesion). 
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Case  XI.  Right  frontal  lobe  tumor  (removed).  Wernicke  nega- 
tive. Wilbrand  entirely  negative  (would  not  refix). 


Case  11.  0.5  cm.  Disks. 


Case  12.  0.5  cm.  Disks. 


Case  XII.  Cerebral  tumor  right  hemisphere.  Wernicke  entirely 
negative  (same  pupillary  reaction  from  illumination  of  both  sides 
of  the  retina).  Wilbrand  negative  (would  not  refix). 
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In  summarizing  the  tests  and  their  results  Walker  offers  the  fol- 
lowing suggestions  and  conclusions:  “From  a study  of  the  physi- 
ologic and  physical  difficulties  in  making  hemiopic  pupillary  tests, 
certain  errors  become  obvious  which  have  doubtless  been  common  to 
a large  number  of  reports.  These  have  of  couse  been  chiefly  in  the 
use  of  single  beams  of  light.  Thus  Seguin  in  his  bitemporal  cases 
carried  the  light  slowly  from  the  temporal  side  to  the  center.  The 
pupillary  reaction  was  then  so  gradual  as  not  to  be  noted  until  within 
50  to  60  degrees  of  the  center.  Now  on  the  nasal  or  seeing  side  the 
light  w’^as  thrown  abruptly  over  the  bridge  of  the  nose,  and  the  re- 
action noted  at  once,  since  it  could  not  be  started  at  90  but  at  60. 
The  obstruction  offered  by  the  nose  is  particularly  effective  in  pro- 
ducing an  error  in  the  group  of  bitemporal  hemianopsia  in  which  a 
hemiopic  reaction  should  theoretically  occur.  Also  the  use  of  the 
old  electric  instruments  favored  variation  of  the  distance  of  the 
light-source  from  the  pupil  with  corresponding  pupillary  change, 
there  being  a tendency  again  on  account  of  the  nose  to  vary  the  dis- 
tance on  the  nasal  and  temporal  sides. 

“The  combination  Wernicke  and  Wilbrand  test  of  Heine  is  open 
to  several  errors.  If  this  light  is  20  feet  distant  and  strong  enough 
to  give  a pupillary  reaction  it  will  also  give  a definite  sheen  of  dis- 
persion-light when  thrown  on  the  blind  retina  so  that  the  patient  has 
a cue  w'hich  way  to  move  the  eye.  If  it  is  weaker  it  must  be  inside 
of  20  feet,  and  when  the  instant  loss  of  fixation  occurs  the  pupil 
dilates  with  disaccommodation  and  contracts  again  on  refixing, 
owing  to  accommodation  or  convergence,  as  well  as  to  the  light 
itself.  Psychic  reactions  must  of  course  be  carefully  excluded. 

“For  clinical  purposes  in  testing  for  the  hemiopic  pupillary  reac- 
tion a rotary  hemikinetie  shutter  of  the  type  described  is  the  instru- 
ment of  choice,  since  the  openings  are  more  symmetrically  arranged 
and  exposed  than  the  sliding  types  of  Hess,  are  easily  regulated  and 
are  absolutely  alike  as  to  size,  though  somewhat  more  difficult  to  con- 
struct properly.  Balanced  electric  lights  with  a switch  as  described 
are  more  difficult  to  keep  in  adjustment,  but  their  use  requires  no 
assistant.  The  presence  of  a slight  reaction  or  pupillary  jump  at 
the  instant  of  alteration  in  these  methods  have  been  considered  light- 
adaptation  phenomena.  If  present  at  all,  the  pupillomotor  activity 
of  the  peripheral  retina  is  so  extremely  weak  that  this  explanation 
would  not  seem  to  hold.  Indeed,  when  this  phenomenon  occurs  it  is 
usually  caused  by  faulty  mechanism  or  possibly  a psychic  or  psycho- 
accommodative  effect. 

“It  is  notable  that  failure  to  elicit  hemikinesis  has  occurred  in 
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hypophyseal  cases  which  reached  the  stage  of  complete  hemianopsia 
with  normal  disks  only  a comparatively  short  time  before  examina- 
tion. That  optic  atrophy  had  not  progressed  far  was  shown  by  the 
rapid  recovery  after  the  physiologic  or  functional  block  had  been  re- 
moved by  operation — in  some  cases  over  one-fourth  of  the  temporal 
field  being  restored  at  the  first  field  examination  four  days  after 
the  operation.  Possibly,  then,  the  pupillomotor  function  in  the 
macular  regio-ii  had  not  suffered  sufficiently  to  give  noticeable  hemi- 
opic  pupillary  reactions.  When  the  macula  is  artificially  blinded 
so  as  to  reduce  the  central  pupillomotor  activity,  not  only  is  the  fixa- 
tion likewise  greatly  impaired,  making  the  examination  very  difficult 
if  not  impossible,  but  also  the  patient  is  apt  to  blame  any  subsequent 
loss  of  central  vision  to  this  procedure. 

“In  case  the  macular  region  is  damaged  we  have  presumptive 
evidence,  when  taken  in  consideration  with  the  form  of  the  field 
defect,  of  an  anterior  lesion  since  central  scotomas  are  far  more 
common  in  these  lesions  than  in  posterior  lesions.  The  presence  of 
a central  scotoma  should  in  addition  to  its  diagnostic  value  make 
the  examination  of  hemiopic  pupillary  reactions  easier,  owing  to 
the  decreased  activity  of  the  pupillomotor  macular  fibers ; but  on 
the  other  hand  the  difficulty  of  fixation  makes  the  examination  more 
difficult.  If  the  central  scotoma  is  in  one  eye  only,  fixation  may  be 
maintained  by  use  of  the  other  eye,  but  it  necessitates  the  observation 
of  the  direct  pupillary  reaction.  If  the  results  are  not  consistent 
they  are  of  course  valueless.  Indeed,  the  consistency  of  the  results 
in  Case  1 is  the  only  reason  for  attaching  any  importance  to  them. 
The  possibility  in  this  case  that  the  pupillomotor  fibers  in  the  macu- 
lar region  may  have  suffered  in  a more  or  less  one-sided  manner  is 
interesting,  but  of  course  not  conclusive  from  the  case  cited.  It  is 
evident,  however,  that  even  if  the  hemiopic  pupillary  reaction  proves 
demonstrable  in  this  group  of  cases  its  usefulness  will  be  very  limited 
indeed. 

“Concerning  the  bearing  of  the  presence  of  pupillary  reaction  in 
central  .scotoma  cases  on  the  theory  of  Heddaeus  and  of  Hess  that 
only  the  macular  begion  is  pupillomotoric,  the  findings  in  Case  7 
seem  to  be  particularly  illuminating.  It  is  at  once  suggestive  of 
that  gi’oup  of  cases  reported  as  having  central  scotomas  but  still  re- 
taining pupillomotor  activity,  although  the  area  of  central  retina 
involved  was  greater  than  that  determined  by  Hess  as  the  pupil- 
lomotor area.  In  such  eases  it  is  ea.sy  by  the  use  of  two  or  more 
disks  to  determine  the  size  of  the  scotoma ; but  to  locate  the  j)osition 
of  the  macula  in  the  scotoma  is  not  so  easy,  and  in  the  case  of  double 
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central  scotoma  may  be  practically  impossible.  It  must  be  remem- 
bered then  that  the  macula  may  be  eccentrically  situated  in  the  sco- 
toma so  that  the  entire  pupillomotor  retina  is  not  damaged.  Fur- 
ther, it  seems  that  it  must  be  demonstrated  that  light-perception  is 
nil  in  the  scotoma  area  although  disks  cannot  be  seen  to  move.  To 
determine  the  light-perception  in  a scotoma  with  a single  light  is 
practically  impossible  since  the  patient  can  always  detect  the  light 
by  the  sheen  of  dispersion-light,  exactly  such  as  one  sees  in  the  dark- 
room when  a beam  of  light  is  thrown  on  the  blind  spot  in  the  nor- 
mal eye.  In  determining  these  points  a new  method  described  in 
the  examination  in  Case  7 was  used,  viz. : alternating  pupillary  lights 
to  get  the  size  of  the  scotoma  for  the  light  and  then  comparing  it 
with  the  blind  spot.  It  then  became  apparent  that  in  all  probability 
the  area  of  absolute  central  scotoma  could  not  involve  the  entire 
area  of  pupillomotoric  retina  as  measured  by  Hess.  Indeed,  as  a 
rule  it  would  seem  safe  to  assume  that  the  best  test  as  to  whether  a 
central  scotoma  of  this  particular  size  is  absolute  or  not  would  be 
the  absence  of  pupillary  light  reflex,  provided  there  was  no  other 
reason  to  account  for  the  absence  other  than  the  scotoma.” 

In  a further  communication  on  the  same  subject  a year  later  (see 
Trans.  Aw..  Med.  Assn.,  Ophtli.  Sec.,  1914,  pp.  318-353)  Walker 
comes  to  the  conclusion  that  the  Wernicke  reaction  test  is  definitely 
present  in  anterior  lesions  when  examined  by  the  rotary  shutter 
method  as  well  as  in  posterior  lesions;  moreover  that  his  series  of 
cases  showed  that  the  periphery  of  the  retina  possesses  pupillomotor 
sensitiveness.  He  concludes  his  paper  by  stating  “There  is  no  evi- 
dence that  the  hemiopic  pupillary  reaction  has  any  topical  diagnos- 
tic value.” 

0.  Lange  {Ann.  Ophthal.,  Oct.,  1904)  reports  in  detail  a case  of 
bitemporal  hemianopsia  due  to  “ dislateratio  ehiasmatis  mediana  to- 
talis ” in  a boy  of  twenty  years  of  age  who,  falling  from  a roof,  struck 
his  right  temple  against  the  hard  pavement.  The  examination  of  his 
eyes  three  months  later  revealed  typical  clean-cut  bitemporal  hemi- 
anopsia (see  fig.)  such  as  could  only  be  produced  by  sagittal  division 
or  disintegration  of  the  chiasm.  When  ther  nasal  half  of  eaich 
retina  was  illuminated  with  a focus  of  light  through  a strong  convex 
lens  there  was  scarcely  any  pupillary  response  but  when  the  same 
focus  was  directed  on  the  temple  side  of  the  retina  the  pupil  con- 
tracted promptly  and  normally.  The  analysis  of  this  case  as  reported 
by  Lange  (Ioq.  cit.)  is  worthy  of  careful  perusal.  The  case  illustrates 
the  localizing  value  of  Wernicke’s  hemianopic  pupillary  reaction. 

Sign  positive  (that  is,  the  pupil  will  not  contract  when  blind  half 
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of  the  retina  is  illuminated)  when  lesion  involves  the  pupillary  light 
reflex  arc,  therefore  in  or  below  the  primary  visual  centers.  (Ex- 
ternal geniculate  body,  pulvinar  of  the  optic  thalamus  and  anterior 
colliculi  of  the  corpora  quadrigemina.)  8ign  negative,  if  the  lesion 
lies  above  the  primary  visual  centers,  in  the  optic  radiations  or  visual 
cortex  although  hemianopsia  is  present. 

In  hemianopsia  if  the  pupil  reacts  when  the  blind  side  of  the 
retina  is  illuminated,  a differentiation  as  to  the  location  of  the  lesion 
in  the  cortex  or  in  the  optic  radiations  may  be  made  by  observing 
the  presence  of  some  form  of  blindness,  such  as  word-blindness, 
mind-blindness,  word-deafness  or  also  some  form  of  sensory  aphasia 


Fields  of  Vision  in  Bitemporal  Hemianopsia  from  Sagittal  Division  of  the 

Optic  Chiasm  (Lange). 


such  as  alexia,  dyslexia  and  paraphasia.  These  findings  in  the  pres- 
ence of  a negative  Wernicke  pupil  reaction  would  assist  in  Ideating 
the  lesion  in  or  above  the  optic  radiations,  but  if  no  form  of  aphasia 
or  blindness  exists,  and  hemianopsia  is  present  with  a positive  Wer- 
nicke pupil  reaction,  the  lesion  may  be  considered  to  be  below  the 
basal  stem  ganglia,  i.  e.,  somewhere  in  the  optic  tract. 

Wemicke’s  pupillary  reflex.  Max  Knies  argues  that  a lesion  may 
exist  “so  as  to  interfere  with  tlie  afferent  pupil  reflex  path  between 
the  tract  and  tlie  third  nerve  nucleus  on  one  side  only,  without  there 
being  any  interruption  in  the  course  of  the  visual  path,  the  result  of 
which  would  be  that  on  illumination  of  the  different  sides  of  the 
retina  tho  hemianopic  pupil  reaction  would  be  obtained  without 
hemianopsia  being  present.”  (Knics’  pupil  symptom.) 

.Softening  of  the  brain  cortex  and  hemorrhages  rarely  affect  the 
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optic  tract,  but  new-growths  and  inflammatory  lesions  do  either  di- 
rectly by  contiguity  or  indirectly  by  increased  cerebral  pressure,  so 
that  Wernicke’s  pupillary  reflex  test  if  carefully  applied  is  of  con- 
siderable value  in  determining  not  only  the  location  of  the  cerebral 
lesion  but  also  its  general  character.  Swanzy  considers  Wernicke’s 
pupillary  reaction  test  of  great  value,  mentions  its  applicability  in 
those  cases  of  total  blindness  (“double  hemianopsia’’)  in  which  the 
pupils  react  to  light  in  spite  of  the  total  amaurosis,  proving  that 
the  lesion  is  in  the  cortex  rather  than  in  the  optic  tracts.  (See 
nemianopsia-Knies  in  this  section.) 

Wernicke,  Hemianopic  pupillary  reaction.  Van  Bouwdyk  Basti- 
aanse  (Tyds.  v.  Geneesk.,  April  11,  1914)  describes  the  instrument 
used  in  the  psychiatric  clinic  at  Utrecht.  The  instrument  is  made 
after  the  principle  of  Behr.  Two  electrical  lamps  are  so  constructed 
that  one  is  turned  on  and  the  other  off  at  the  same  switch.  The  in- 
strument is  supplied  with  electric  bulbs  of  different  c.  p.,  and  may 
be  used  in  testing  eyes  of  different  irritability. 

There  is  also  a devise  provided  for  photographing  the  pupil.  He 
states  there  is  no  question  but  that  the  instrument  will  reveal  the 
location  of  a lesion  in  the  optic  tract  from  one  in  the  cortex.  His 
method  permits  an  examination  of  somnolent  persons  and  little  chil- 
dren. 

Veasey  {Jour.  A.  M.  A.,  Oct.  19,  1907)  describes  his  instrument 
for  conducting  Wernicke’s  hemiopic  pupillary  reflex  test.  It  con- 
sists of  a rubber  cone  in  tlie  center  of  which  is  a long-focus,  convex 
lens.  One  end  of  the  rubber  tube  will  fit  in  the  stem  of  an  electric 
ophthalmoscope  or  transilluminator.  Aberrant  rays  of  light  are 
prevented  from  entering  the  pupil. 

Westphal-Filtz  (Galassi-Gifford)  reaction.  Antal  {Unga/r.  Med. 
Per.,  Feb.  10,  1901)  on  testing  the  palpebral  reaction  of  the  pupils, 
ascribed  to  Westphal-Piltz  (Galassi-Gifford),  which  he  recognizes  as  be- 
ing two  distinct  and  somewhat  different  reactions,  found  in  many  dis- 
eases of  the  nervous  system  that  the  reaction  was  elicited  and  also  that 
it  was  present  in  many  normal  individuals.  He  describes  the  West- 
phal  reaction  as  being  a contraction  .of  the  pupil  noticed  when  the 
eyelids  are  voluntarily  and  forcibly  squeezed  together  and  in  which 
on  exposing  to  the  bright  light  a widening  of  the  pupils  was  noted 
(paradoxical).  This  he  calls  the  “orbicular  closure”  reaction;  while 
the  Piltz  reaction  is  a contraction  of  the  pupil  noted  when  the  or- 
bicularis muscle  is  restrained  by  the  fingers  while  the  patient  is  at- 
tempting to  overcome  the  restraint  by  making  forcible  effort  to  close 
the  eyes;  this  latter  he  calls  the  “orbicularis  tension”  reaction.  In 
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the  latter  the  pupils  will  also  expand  when  bright  light  is  used 
(paradoxical). 

The  orbicular  closure  contraction  was  found  to  be  present  in  the 
following  diseases:  facial  paralysis,  progressive  muscular  atrophy, 
hemicrania,  bulbar  paralysis,  paralysis  agitans,  neurasthenia,  rheu- 
matism, chorea,  chronic  gastritis,  multiple  sclerosis,  athetosis,  tabes, 
progressive  paralysis,  epilepsy,  hysteria,  Basedow ’s  disease,  pavor  noc- 
turnus  and  also  in  five  healthy  persons. 

The  orbicular  tension  contraction  (followed  by  still  greater  con- 
traction of  the  pupils  and  then  a slow  enlargement)  was  noted  in 
the  following  diseases:  neurasthenia,  rheumatism,  hysteria,  chronic 
gastritis,  multiple  sclerosis,  tabes,  Basedow’s  disease,  pavor  nocturnus, 
progressive  muscular  atrophy,  and  also  in  five  healthy  subjects. 
Both  reactions  were  absent  in  complete  oculomotor  paralysis,  atro- 
pin  paralysis,  multiple  sclerosis,  progressive  paralysis  and  tabetic 
paralysis.  From  these  experiments  Antal  concludes  that  both  the 
orbicular  closure  and  the  orbicular  tension  reactions  of  the  pupil  are 
normal  and  physiological  phenomena  and  are  of  no  special  value  from 
a diagnostic  sense. 

Von  Graefe  (Graefe’s  ArcMv.,  Vol.  I,  p.  318,  1854)  clearly  de- 
scribed the  reaction  of  the  pupil  to  closure  of  the  lids  and  practised 
the  test  regularly.  (See  Galassi-Gifford  reaction  in  this  section.)  ^ 

Wfwoping -cough,  The  pnipils  in  optic  neuritis  complicating.  Gam- 
ble (Arch,  of  Ophth,  Vol.  XXXII,  No.  4)  reports  a case  of  optic 
neuritis  complicating  whooping-cough  in  which  blindness  supervened. 
The  pupils  became  widely  dilated  and  would  not  react  to  light  or 
accommodation. 

A case  by  Greuning  is  referred  to  in  which  the  pupils  showed  the 
same  condition.  In  another  case  reported  by  Gamble  in  which  there 
was  vision  20/15  in  each  eye.  The  pupils  were  dilated  and  reacted 
very  feebly  to  the  light,  but  did  react  to  accommodation.  In  the 
former  cases  dilatation  of  the  pupil  would  seem  to  be  explained  by 
the  total  blindness,  but  in  the  last  case  some  other  cause  must  be 
looked  for.  Gamble  thinks  that  there  was  a localized  neuritis  incited 
by  the  toxins  of  the  whooping-cough  upon  the  interstitial  nerve  tis- 
sue. Intraneural  hemorrhage  or  nuclear  hemorrhage  induced  by  the 
toxin  of  whooping-cough  may  produce  mydriasis  if  the  sphincter  arc 
is  involved,  or  miasis  if  the  sympathetic  tract  is  implicated. 

Width  of  the  pupil.  Bans  (Arch.  f.  Anat.  u.  Physiol.,  1900,  p.  79) 
experimented  to  determine  the  width  of  the  pupil  when  accommo- 
dation convergence,  psychical  and  sensory  excitations  were  excluded. 
Snap-shot  photographs  were  taken  of  the  pupil  when  exposed  to  ab- 
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solute  darkuess  for  fifteen  minutes.  The  diameter  in  the  subject, 
aged  29,  was  7.8  mm.\  Abelsdorff  experimented  to  determine  the  effect 
of  different  colored  lights  on  the  pupil  and  found  that  yellow  causes 
more  contraction  of  the  pupil  than  any  of  the  other  colors,  but  when 
the  pupil  is  adapted  to  darkness  blue  caused  the  gi-eater  contraction. 

Lange  {Inmg.  Dissert.  Armsterdam,  1901)  reports  his  measure- 
ment of  1,000  pupils  of  persons  of  different  ages  and  sex.  The  re- 
sults were  as  follows:  (1)  The  size  of  the  pupil  differs  greatly  in 
different  persons.  (2)  Women  have  larger  pupils  than  men.  (3) 
The  physiological  width  of  the  pupil  decreases  with  age.  (4)  The 
width  of  the  pupil  is  less  in  hyperopia  than  in  emmetropia.  (5) 
The  width  of  the  pupil  decreases  with  the  degree  of  hyperopia. 
(6)  The  physiological  width  in  myopes  is,  up  to  the  20th  year, 
greater  than  in  emmetropia.  (7)  With  increasing  age  the  differ- 
ence in  the  size  of  the  pupils  with  different  states  of  refraction  is 
less  marked,  and  after  the  age  of  40  years  it  is  inconsiderable.  (See 
Contraction  to  light  and  convergence  in  this  section.) 

Wiener  and  Wolfner  pupil  reaction  in  arteriosclerosis  and  high 
Mood  pressure.  Wiener  and  Wolfner  (Trans.  Am.  Med.  Ass’n,  1915) 
reported  that  for  the  past  six  years  they  have  observed  a condition 
of  the  pupil  which  seemed  to  be  associated  with  high  blood  pressure. 
The  pupil  in  question  is  slightly  dilated,  averaging  between  4.5  and 
5 mm.  It  reacts  promptly  to  the  light,  but  immediately  returns  to 
the  original  size  and  remains  fixed  without  the  light  stimulus  being 
changed. 

They  state,  “It  is  not  claimed  that  this  reaction  is  pathognomonic 
of  arterial-sclerosis  with  high  blood  pressure,  but  we  maintain  that 
it  is  associated  with  these  states  and  is  so  nearly  constant  as  to  make 
it  a sign,  at  least,  that  it  is  strongly  suggestive  and  therefore  of  un- 
doubted clinical  value.” 

They  advance  the  thought  that  it  is  possible  that  the  elaboration 
of  epinephrin  in  exaggerated  quantity  in  the  blood  stream  may 
cause  the  increased  blood  pressure  and  that  since  it  has  a selective 
effect  on  the  striped  muscle  fibers  of  the  iris,  it  may  be  an  influ- 
ence in  causing  the  pupil  to  dilate.  (See  Arteriosclerosis  in  this 
section.) 

Wood  alcohol,  The  effect  of,  on  the  pupils.  The  pupils  dilate  ad 
maximum  when  the  fumes  of  wood  alcohol  have  been  inhaled  to  a 
poisonous  extent,  when  wood  alcohol  has  been  imbibed  for  intoxicat- 
ing purposes,  or  taken  inwardly  in  cheap  nostrums.  Wliether  the 
effect  of  the  poison  is  directly  exerted  on  the  nuclei  of  the  sphincter 
pupillffi,  or  whether  the  pupil  dilates  because  the  optic  nerve  is 
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atrophied,  no  one  lias  been  able  to  prove.  Most  likely  the  pupil  di- 
lates because  the  eyes  are  blind.  The  writer  has  noticed  the  pupil 
recover  slowly  in  direct  ratio  to  the  return  of  sight. 

Wilder,  (Ophth.  Record,  Vol.  3,  No.  5)  reports  a ease  of  wood  alco- 
hol blindness  in  which  the  right  pupil  was  dilated  8 mm.  and  did 
not  respond  to  light  and  accommodation.  The  left  pupil  dilated  5 
to  6 mm.  and  showed  faint  response  to  light  and  accommodation. 
The  vision  of  the  right  was  nil.  The  left  could  count  fingers  at  one 
foot  in  the  temple  field.  We  note  in  this  case  that  the  response 
of  the  pupil  was  proportionate  to  the  sensibility  of  the  retina. 

Wonn-like  ccrnir actions  of  the  sphincter  pupillce  (Ver^miform  or 
peristaltic  movements  of  the  p'lipil).  C.  H.  Sattler  {Klin.  Monats. 
f.  Augen.,  Dec.  1911)  as  reported  by  Ballantyne  {Ophthalmoscope, 
April,  1913)  has  noticed  very  slight  movements  of  the  pupillary 
margin  of  the  iris,  progressing  from  point  to  point,  which  he  calls 
“worm-like  contractions.”  They  were  so  slight  as  to  be  invisible  to 
the  naked  ejm  and  were  discovered  during  examination  with  the 
binocular  loupe.  The  case  in  question  was  a young  woman  conva- 
lescent from  influenza.  Accommodation  was  paralyzed.  Pupils  were 
inactive,  the  right  slightly  larger  than  the  left  and  not  perfectly 
round.  The  peculiar  movements  described  were  made  more  frequent 
and  more  pronounced  by  sensory  and  psychical  stimuli.  Homatropin 
abolished  the  movements,  but  cocain  did  not,  “thus  showing  that  the 
sympathetic  supply  was  not  involved.”  Sattler  attributes  the  phe- 
nomenon to  irritation,  probably  at  the  nucleus  of  the  third  nerve, 
and  thinks  it  may  be  analogous  to  the  fibrillary  movements  in 
syringomyelia,  due  to  irritation  of  motor  ganglion  cells.  It  is  also 
suggested  that  it  may  be  a partial  form  of  hippus,  similar  to  those 
reported  by  Bach  and  Uhthoff  in  partial  recovery  from  paralysis  of 
the  sphincter.  Miinch  {Klin.  Mo7wts.  f.  Angen.,  June,  1912)  in  re- 
ply to  Battler’s  communication  refers  the  reader  to  a communication 
of  his  owm,  abstracted  in  the  Monatsblatter,  of  July,  1907,  in  which 
he  claims  to  have  described  the  same  phenomenon,  taking  the  view 
that  it  was  a physiological  occurrence.  He  observed  it  best  in  his 
own  eye,  using  his  “pupillenautoskop”  for  the  purpose.  He  at- 
tributes the  failure  of  Sattler  and  others  to  find  it  under  normal  con- 
ditions to  the  fact  that  the  usual  forms  of  apparatus  employed  for 
obtaining  a magnified  view  of  the  pupil,  cast  a direct  and  ])owerful 
light  into  the  eye.  Tn  his  own  method,  the  illumination  is  weak 
and  lateral,  the  pu])il  dilates  to  about  six  millimeters  and  when  the 
retina  has  become  adapted,  the  movements  of  pupillary  unrest  take 
the  form  of  a peristalsis.  This  is  manifested  as  a drawing  together 


10796 


PUPIL,  THE,  IN  HEALTH  AND  DISEASE 


of  the  radially  disposed  iris  vessels  in  a small  segment  of  the  pupil 
margin  and  a corresponding  separation  of  the  radial  stri®  in  the 
neighboring  segments.  These  changes  move  from  point  to  point  and 
may  even  give  the  impression  of  a wave  travelling  more  or  less  com- 
pletely around  the  pupil.  He  has  observed  the  same  thing  in  other 
normal  eyes,  but  not  so  well  as  in  his  own.  This  he  attributes  to  the 
greater  difficulty  in  obtaining  the  necessary  condition  of  repose.  He 
believes  that  the  phenomenon  is  physiological  and  that  it  can  always 
be  found  in  weak  illumination  and  with  the  adapted  retina. 

His  explanation  of  the  occurrence  is  somewhat  as  follows : The 
sphincter  pupillac  consists  of  70  to  80  physiological  segments,  each 
of  which  is  supplied  by  a separate  nerve  twig.  They  usually  act  in 
a co-ordinated  manner,  but  each  has  a certain  individuality.  The 
length  of  a “physiological  segment”  is  the  same  as  the  average 
length  of  a smooth  muscle  fibre.  With  a moderately  wide  pupil, 
and  with  the  retina  adapted  to  a weak  illumination,  the  independence 
of  the  segments  referred  to  is  manifested  by  the  conversion  of  the 
movements  of  pupillary  unrest  into  fine  localized  twitching  move- 
ments which  convey  an  impression  of  a worm-like  or  peristaltic 
change.  When  a stronger  light  stimulus  falls  upon  the  eye  the  strong 
and  rapid  response  takes  the  form  of  an  apparently  simultaneous 
contraction  of  all  the  segments. 

Sattler  {Klim.  Mmiats.  f.  Augen.,  Sept.,  1912)  in  reply  to  some  of 
the  statements  made  by  Miinch  in  his  paper  above  referred  to,  states 
that  very  slight  worm-like  movements  are  sometimes,  but  not  al- 
ways, to  be  seen  in  the  normal  eye.  They  are  much  more  easily  ob- 
served in  disease  conditions,  especially'"  such  as  are  accompanied 
by  a sluggishness  or  abolition  of  the  pupillary  reactions,  whether 
this  sluggishness  is  produced  by  a central  lesion,  by  a lesion  in  the 
conducting  path  or  by  a local  affection  of  the  iris.  The  movements, 
when  present,  are  abolished  by  atropin  and  pilocarpin  but  are  un- 
affected by  cocain.  In  some  cases  in  which  the  movements  were  pres- 
ent with  deficient  activity  of  the  pupillary  reflexes,  a return  or  im- 
provement of  the  latter  was  accompanied  by  greater  difficulty  in  ob- 
serving the  abnormal  phenomenon.  As  a rule,  the  worm-like  move- 
ments were  less  noticeable  if  pupillary  unrest  was  present.  They 
were  often  more  distinct  in  one  part  of  the  sphincter  than  in  others. 
The  nature  of  the  existing  stimulus  is  still  unknown.  The  symptom 
must  be  studied  with  a Zeiss’  loupe.  He  has  noticed  peristaltic  con- 
tractions of  the  pupils  in  25  per  cent,  of  his  eases  of  tabes. 

Hirschberg  {Zctiival/.  f.  Augen.,  Jan.,  1912)  states  Examination 
with  a loupe  (73-year-old- woman  presenting  this  phenomenon)  showed 
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thickening  of  the  pupillary  margin  in  two  quadrants  with  move- 
ments of  the  iris  making  it  appear  as  if  a worm  were  crawling 
around  the  pupillary  opening. — (D.  T.  V.) 

See,  also,  Physiological  optics,  p.  9909  Vol.  XIII;  Examination  of 
the  eye,  p.  4616,  Vol.  VI;  Pupils,  Slit-like,  p.  2855,  Vol.  IV ; and  for 
a consideration  of  unilateral  mydriasis  see  under  Phthisis^  Ocular 
signs  of,  in  this  Encyclopedia.  The  pupils  of  the  lower  animals  are 
discussed  under  Comparative  ophthalmology. 

Pupil,  Keyhole.  A pupil  of  the  shape  indicated,  formed  by  a coloboma 
on  the  pupillary  margin. 

Pupillary  membrane.  Persistent  pupillary  membrane.  A complete 
account  of  the  early  development  and  disappearance  (at  the  eighth 
month  of  intrauterine  life)  of  the  tissue  covering  the  pupil  is  given 
under  iris  and  ciliary  body,  p.  3894,  Vol.  V,  while  the  persistence  of 
this  membrane  or  its  remnants  is  discussed  on  p.  2839,  Vol.  IV  of  this 
Encyclopedia. 

Sometimes,  also,  the  term  “pupillary  membrane”  is  employed  to 
indicate  the  exudate  thrown  out  in  the  pupillary  area  as  the  result  of 
some  form  of  iritis.  See  p,  6649,  Vol.  IX,  also  illustrations  in  the 
section  on  Pupil  in  health  and  disease  in  this  volume. 

Stahl  {Klin.  Monatsbl.  f.  Augenheilk.,  p.  432,  April,  1913)  ex- 
amined 1,600  eyes  (800  cases)  and  found  of  these  560,  i.  e.,  63.25  per 
cent.,  with  some  kind  of  remnants  of  the  fetal  pupillary  membrane. 
In  most  of  the  cases,  these  remnants  consisted  of  thin,  grey,  web- 
like threads,  only  8 per  cent,  showing  thicker  filaments  of  the  color 
of  the  iris.  Frequently  a grey  filament  was  attached  to  one  or  more 
brown  or  yellow  (more  rarely  grey)  points.  Merely  punetiform  rem- 
nants, so-called  Schubert’s  pupillary  sand,  were  found  in  432,  i.  e., 
27.6  per  cent.,  out  of  1,600  eyes.  Hence,  this  latter  finding  is  the 
most  frequent  form  of  remnants  of  pupillary  membrane.  The  filamen- 
tous remnants  were  strikingly  frequent  in  both  eyes  of  the  same  in- 
dividual and  symmetrical  with  regard  to  position  and  arrangement. 
The  greater  frequency  in  younger  persons,  suggests  that  even  at  a 
later  age  portions  of  the  remnants  are  absorbed.  They  occurred  more 
frequently  in  myopes  and  emmetropes  than  in  hypermetropes,  and 
in  astigmatism  more  than  in  spherical  refraction.  In  agreement  with 
other  authors  Stahl  found  more  punetiform  remnants  in  eyes  with 
dark  brown  than  with  light  iris,  but  the  fine  cobwebs  occurred  more 
frequently  in  light  irides.  The  remnants  were  relatively  more  fre- 
quent in  the  intensely  prominent  and  ragged  small  circle  of  the  iris, 
60  per  cent,  than  in  the  less  developed  homogeneous  circle,  35  per 
cent. 
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A very  rare  form  of  this  membrane  is  reported  by  Terrien  auO 
Mawas  {Archives  d’Ophtalm.,  July-Aiig,,  1916;  abstracted  by  Syd- 
ney Stephenson,  Ophthalmoscope,  p.  612,  Nov.,  1916).  It  was  of  such 
dimensions  as  to  reduce  sight  to  between  1/10  and  1/15.  The  con- 
dition, which  was  roughly  symmetrical  as  regards  the  two  eyes,  was 
treated  surgically,  and  in  the  result  normal  vision  was  obtained. 

In  order  to  follow  the  method  of  operation  adopted  by  the  authors, 
it  should  be  explained  that  the  membrane,  which  was  not  adherent 
to  the  anterior  capsule  of  the  lens,  obstructed  the  entire  pupillary 
aperture  when  the  pupil  was  in  a state  of  medium  contraction,  and 
was  attached  to  the  lesser  circle  of  the  iris  by  a number  of  fine  strands, 
forming,  as  it  were,  so  many  tendons  of  insertion,  of  which  some 
were  simple  and  others  ramified  (see  figures).  There  were  in  the 
right  eye  twenty-one  of  these  strands,  and  in  the  left  eye  fifteen.  It 
is  of  interest  to  note  that  during  contraction  of  the  pupil,  the  strands 
became  relaxed,  and  ‘allowed  the  membrane  to  be  displaced  forwards 
towards  the  cornea,  much  as  a sail  might  be  bellied  forward  by  the 
wind. 

The  operation,  performed  under  the  influence  of  4 per  cent,  co- 
caine, was  as  follows. — An  extremely  narrow  blade,  with  its  cutting 
edge  directed  downwards,  was  passed  into  the  anterior  chamber,  with- 
out allowing  the  aqueous  to  escape,  through  the  outer  end  of  the  hori- 
zontal meridian  of  the  right  cornea.  The  tendons  of  insertion  were 
then  divided  as  regards  the  lower  half  of  the  membrane  by  steady  , 
saving  movements  of  the  blade.  As  the  strands  were  cut  through,  the 
membrane  became  retracted  upwards,  revealing  a beautiful  black  pupil. 
After  waiting  for  about  half  an  hour,  during  which  period  the  ante- 
rior chamber  was  re-formed,  the  knife  was  introduced  through  the 
puncture  first  made,  but  on  this  occasion  its  cutting  edge  was  directed 
upwards.  The  attachments  of  the  upper  half  of  the  membrane  were 
then  divided,  the  blade  being  passed  for  the  purpose  between  the 
membrane  and  the  anterior  surface  of  the  iris.  Finally,  a section  was 
made  at  the  limbus  (the  original  aperture  being  utilized  for  the  pur- 
pose), and  the  membrane  was  removed  from  the  anterior  chamber  by 
the  aid  of  iris  forceps.  Eserine  was  dropped  into  the  eye,  and  an  oc- 
clusive bandage  applied.  Prior  to  the  operation,  the  surgeon  took 
the  precaution  of  rendering  himself  artificially  myopic  by  wearing 
plus  4 D.  spherical  lenses. 

Sight  was  not  sensibly  improved  during  the  first  few  days,  but  bet- 
terment was  noticed  on  the  fifth  day  after  operation,  and  on  the 
twenty-fifth  day  it  had  become  normal.  This  was  thought  to  be  due 
to  a progressive  education  of  the  macula.  The  authors  regard  the  V. 
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of  1/10  to  1/15  before  operation  as  extra-macular,  and  obtained  by 
slightly  inclining  the  head. 

The  second  eye  was  operated  upon  in  a similar  way,  but  it  was 
proposed  to  allow  several  days  to  elapse  between  the  two  steps  of 
the  operation  instead  of  merely  half  an  hour.  In  point  of  fact,  the 
second  part  of  the  former  operation  had  presented  some  difficulties  on 
account  of  the  hypotony  present,  and  it  was  thought  that  by  this 
modification  this  might  be  avoided.  But  the  operation  was  not  com- 
pleted, due  to  circumstances  over  which  the  authors  had  no  control. 

Pupillary  zone.  The  inner  of  the  two  zones  of  the  iris. 

Pupillenerweiterung.  (G.)  Mydriasis. 

Pupillenfleck.  (G.)  A round,  movable,  black  spot  observed  in  the 
pupil  of  the  eye  of  Limulus  polyphemus. 

Pupillenstarre.  (G.)  Immobility  of  the  pupil. 

Pupillenverengerung.  (G.)  Contraction  of  the  pupil. 

Pupillenversetzung.  (G.)  Corectopia. 

Pupillometer.  Numerous  instruments  (most  of  them  unnecessarily 
complex)  have  been  devised  for  measuring  the  diameter  of  the 
pupil,  and  these  are  frequently  referred  and  often  described  in  this 
Encyclopedia.  Browne’s  simple  and  efficient  instrument  (see  Vol. 
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II,  p.  1316)  is  one  of  the  best.  See  the  figure  in  the  text  of  this 
caption.  A more  elaborate  one  (by  Lawrence)  is  also  depicted  here, 
while  the  well-known  instrument  of  Priestley  Smith  (see  the  figure) 
enables  one  to  estimate  the  pupillary  diameter  with  sufficient  ac- 
curacy. See,  also.  Pupil  in  health  and  disease;  as  well  as  p.  4616, 
Vol.  VI  of  this  Encyclopedia. 

Finally,  a review  of  the  various  methods  employed  in  the  con- 
struction of  pupillometers  is,  with  true  German  verbosity,  detailed 
by  Ohm  {Centralh.  f.  pkt.  Augenheilk.,  Aug.,  1906).  The  simplest 
is  measuring  with  the  compass  or  the  comparison  with  black  discs 
or  gauges  held  near  the  eye.  In  the  apparatus  of  Schirmer  and  Hess 
(see  Pupilloscope)  the  image  of  the  rod  measure  coincides  by 
means  of  refleetiiig  mirrors  with  the  plane  of  the  pupil ; in  those  of 
Dojer  and  Schadow,  the  picture  of  the  pupil  is  thrown  upon  a scale 
in  a telescope.  In  those  of  Galezowski,  Dubujadoux  and  Sommer,  two 
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threads  are  adjusted  as  tangents  to  the  pupil.  The  best  method, 
according  to  the  writer,  is  the  photographic,  as  it  fixes  the  pupil  in  all 
its  phases.  This  excepted,  all  others  measure  only  one  pupil  at  a 
time.  Since,  however,  the  comparison  of  both  pupils  is  very  impor- 


tant for  numerous  physiologic  and  pathologic  questions.  Ohm  devised 
an  apparatus  in  which  by  means  of  a system  of  prisms  the  images 
of  both  pupils  are  brought  side  by  side  and  can  be  measured  with 
great  accuracy. 

Pupillomotor.  Pertaining  to  the  movements  of  the  pupil. 

Pupilloscope.  With  this  differential  instrument  C.  Hess  {Arch.  f. 
Ophth.,  90,  p.  382)  claims  that  it  is  possible  to  measure  the  pupil- 
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lomotor  differential  sensibility  of  the  human  eye,  i.  e.,  the  minimal 
differences  of  intensities  of  light,  which  in  normal  and  diseased  eyes 
cause  a noticeable  change  of  the  width  of  the  pupil.  He  shows  how 
the  apparatus  may  serve  for  the  investigation  of  important  questions 
of  comparative  color  vision. 

Pupilloscopy.  A synonym  for  retinoscopy,  or  skiascopy. 

Pupillostatometer.  An  instrument  for  measuring  the  distance  between 
the  pupils. 

Pupil,  Paradoxical.  See  Paradoxic  pupil,  p.  9251,  Vol.  XII  of  this 
Encyclopedia. 

Pupil  reflexes.  See  under  separate  captions,  and  especially  under  the 
major  heading  Pupil  in  health  and  disease. 

Pupil  reflexes.  Anomalous.  Some  anomalies  of  pupillary  reaction  are 
dfficult  to  classify.  A few  of  these  are  here  set  down;  others  wUl 
be  found  under  various  Pupil  captions,  especially  under  Pupil  in 
health  and  disease.  To  the  matter  in  these  sections  may  be  added 
the  following  accounts. 

U.  S.  Bird  {Ophthalmology,  October,  1915)  gives  the  following 
account  of  a man,  aged  21,  with  the  history  of  a motorcycle  accident 
about  a week  previous.  Following  this  he  became  unconscious,  re- 
maining more  or  less  comatose.  The  only  external  e^'idence  of  in- 
jury was  a bruise  on  the  right  side  of  the  face.  The  right  pupil  was 
said  to  be  dilated.  He  had  pronounced  Cheyne-Stokes  respiration. 
On  attempting  to  examine  the  right  fundus  Bird  noticed  that  the 
pupil  was  at  times  dilated  and  then  contracted.  The  fundi  were 
practically  negative.  The  left  was  normal,  while  the  right  showed  a 
cupping  at  the  lower  temporal  edge  of  the  disk.  This,  apparently, 
was  not  a factor  in  the  pathology  under  consideration,  but  suggested 
a congenital  or  other  independent  condition.  There  was  no  sugges- 
tion of  choked  disk.  The  pupillary  condition,  however,  excited  his 
curiosity.  Closer  observation  discovered  a rhythm  in  the  contrac- 
tions and  dilations,  which  was  finally  associated  with  the  Cheyne- 
Stokas  cycle.  The  pupils  were  insensible  to  light.  On  the  beginning 
of  the  labored,  snorting  inspirations  which  initiated  the  Cheyne- 
Stokes  cycle,  the  pupils  began  to  dilate,  reaching  a diameter  of  about 
6 mm.  in  a few  seconds.  As  the  force  and  depth  of  the  inspirations 
lessened  the  pupils  contracted,  until  with  the  practical  cessation  of 
respiration  they  were  about  1 mm.  wide.  How  soon  after  the  acci- 
dent this  phenomenon  appeared  is  not  known.  This  patient  s skull 
was  opened  two  hours  after  Bird  saw  him,  and  a clot  extending  across 
the  base,  more  on  the  right,  was  removed.  A permanent  dilatation 
of  both  pupils  is  said  to  have  been  noted  afterward.  No  bony  frac- 
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ture  was  found.  Three  days  later  he  died,  two  hours  after  developing 
a temperature  of  108  F.  An  explanation  of  this  phenomenon  may 
be  found  by  assuming  pressure  by  the  clot  in  or  about  both  carotid 
canals,  compressing  the  sympathetic  fibers  against  the  vessel  walls, 
more  or  less  inhibiting  the  pupillary  function  of  both  ner\-es.  Tliis 
pressure  instead  of  being  constant,  the  usual  condition  in  intracranial 
clot,  was  made  intermittent  by  the  effect  of  the  respiratory  acts  on 
the  intravascular  pressure  in  the  carotids,  with  the  pupillary  cycle 
as  a result.  During  the  abeyance  of  respiration  the  carotid  blood- 
pressure  gradually  increased  to  its  maximum,  increasing  pressure  be- 
ing made  on  the  nerve  fibers  between  the  vessel  walls  and  the  clot, 
causing  approximate  total  inhibition  of  the  pupillary  dilating  mechan- 
ism, and  resulting  contraction.  On  the  resumption  of  violent  inspira- 
tory efforts  beginning  the  Cheyne-Stokes  cycle,  the  carotid  blood- 
pressure  was  reduced,  relieving  the  pressure  on  the  fibers  between  the 
vessel  walls  and  the  clot,  permitting  the  temporary  resumption  of 
the  dilating  pupillary  function.  It  is  hardly  probable  that  the  pres- 
sure on  each  side  was  equal,  but  the  sympathetic  functions  of  the 
two  sides  appear  to  be  closely  related,  accounting  for  the  apparently 
identical  condition  of  each  eye.  The  post-operative  dilation  is  analo- 
gous to  that  in  shock  and  collapse.  In  this  case  it  is  explained  by  the 
evident  sympathetic  trauma. 

In  long,  continuous  and  extensive  muscular  contraction,  Redlich 
(Practical  Med.  Series,  Eye,  p.  1,  1909)  observed  maximal  pupillary 
contraction  with  a loss  of  reaction  to  light.  No  satisfactory  explanation 
of  this  phenomenon  has  as  yet  been  given.  It  is  possible  that  its  cause 
might  be  found  in  the  changed  condition  of  tension  and  circulation.  If 
an  irritation  of  tlie  sympathetic  were  the  cause  of  it  we  would  expect 
to  find  the  pupil  dilated,  but  the  reaction  to  light  would  not  be  lost. 

Westphal  considers  the  symptom  as  one  of  general  muscular  rigid- 
ity. 

Van  de  Graaf  (Ophthalmic  Year-Book,  p.  126,  1916)  reports  the 
case  of  a woman  36  years  old,  with  a history  of  encephalitis  in  child- 
hood, and  later  visual  hallucinations  and  psychic  disturbance.  In 
the  year  of  the  report  she  developed  a series  of  convulsions,  on  one 
occasion  forty-three  in  twenty-four  hours.  At  the  beginning  of  an 
attack  the  pupils  were  dilated,  then  became  contracted  and  failed  to 
react.  Between  attacks  the  pupils  were  in  constant  slow  hippus. 
There  appeared  to  be  a connection  between  the  pupillary  movements 
and  the  respirations,  the  small-sized  pupils  being  associated  with  deep 
and  accelerated  respirations,  then  after  a few  seconds  when  the  pupil 
began  to  dilate  a change  in  the  respirations  occurred.  Ophthalmo- 
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scopically  a marked  contraction  of  the  arteries  occurred  just  prior 
to  an  attack;  these  vessels  could  be  seen  to  refill  after  the  attack 
subsided.  At  the  time  of  operation  the  patient  was  found  to  have 
hematoma  of  the  dura  in  the  right  frontal  region. 

Pupil,  Slit-shaped.  Cat’s  pupil.  Slit-like  pupil.  See  p.  2855,  Vol. 
IV  of  this  Encyclopedia. 

Pupils,  Okew’s.  A condition  in  which  one  of  the  visual  axes  is  de- 
viated upward  and  the  other  downward. 

Pupil,  Stiff,  Argyll  Kobertson  pupil. 

Pupil-stop.  An  ophthalmic  “obturator”  with  a central  opening  of 
the  size  of  the  normal  pupil,  for  use  in  determinin,g  the  refraction 
of  a patient  under  a cycloplegic.  See  Examination  of  the  eye;  also, 
Disc,  Mason’s  pupil. 

Pupil  test  in  simulated  blindness.  See  p.  1185,  Vol.  II  of  this 
Encyclopedia. 

Purblind.  Dim-sighted. 

Purkinje,  Johannes  Evangelista  von.  A celebrated  German  physiolo- 
gist of  the  early  19th  century,  whose  name  still  lives  in  the  term, 
“Purkinj e-Sanson  images.”  Born  at  Libochowitz,  Dee.  17,  1787,  he 
at  first  determined  to  be  a priest.  At  the  age  of  21,  however,  he 
turned  his  attention  to  medicine,  and,  in  1819,  at  the  age  of  32,  re- 
ceived his  medical  degree  at  Prague.  His  dissertation  on  this  occa- 
sion, entitled  “Beitruge  zur  Kentniss  des  Sehens  in  Subjectiver 
Hinsicht,”  attracted  the  attention  of  the  scientific  world,  and  brought 
him  the  friendship  of  Goetl^e. 

In  1823  he  received  the  chair  of  physiology  and  pathology  at  Bres- 
lau— a position  which  he  held  for  26  years.  He  then  moved  back  to 
Prague,  in  order  to  accept  the  chair  of  physiology  in  the  University 
at  that  place.  Both  at  Breslau  and  at  Prague  he  established  a Physi- 
ologic Institute.  He  died  at  Prague,  July  28,  1869. 

In  addition  to  the  graduation  dissertation  mentioned  above,  Pur- 
kinje wrote,  of  interest  to  ophthalmologists: 

1.  C&mmentatio  cle  Examine  Physiologico  Organi  Vims  et  Sys- 
tematis  Cuta'nei.  (Breslau,  1823.) 

2.  Beohachtungen  und  Versuche  zur  PTiysiologie  der  Sinnen  (Ber- 
lin, 1823-26,  2 vols.). 

In  the  latter  work  it  was  that  the  author  announced  his  great  dis- 
covery of  the  three  (correctly  speaking,  two)  Purkinje  images:  The 
fir.st  and  second,  erect,  are  reflections  from  the  anterior  surfaces  of 
the  cornea  and  the  lens,  the  third,  however,  inverted,  from  the  for- 
wardly-concave  posterior  lenticular  surface.  The  first  of  these  im- 
ages was  very  well  known  to  the  ancients,  who,  however,  believed  that 
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it  had  its  origin  either  on  or  in  the  lens,  instead  of  on  the  cornea. 
Scheiner  was  the  first  to  indicate  its  actual  place  of  origin. 
Purkinje  discovered  the  other  two  images,  and  published  his  discov- 
ery in  1823,  together  with  proper  explanations  of  the  origin  of  these 
images.  For  Sanson,  however,  remained  the  honor  of  pointing  out, 
in  1837,  the  use  of  all  three  images  for  diagnostic  purposes — an  appli- 
cation which  is  thoroughly  discussed  in  divers  nou-historic  portions 
of  this  Encyclopedia,  e.  g.  on  p.  6174,  Vol.  VIII. — (T.  H,  S.) 

Purkinj e-Sanson  images.  See  p.  6174,  Vol.  VIII  of  this  ETicyclopedia. 

Purkinje’s  (cross-cobweb)  figure.  The  image  (shadow)  of  the  retinal 
blood-vessels  of  one’s  own  eye,  perceived  when  a concentrated  light 
is  directed  obliquely  into  the  eye  and  the  source  of  the  light  is  moved; 
quite  different  from  the  images  of  Purkinje,  p.  6174,  Vol.  VIII  of 
this  Encyclopedia. 

Purple,  Visual.  Rhodopsin.  This  pigment,  found  in  the  retinal  rods 
of  practically  all  vertebrates,  is  confined  exclusively  to  those  por- 
tions of  the  retina  lying  posterior  to  the  equator  of  the  eye.  How- 
ever, the  macular  rods  contain  none  of  this  pigment.  See  Rhodop- 
sin;  as  well  as  Boll’s  retinal  purple,  p.  1244,  Vol.  II  of  this  Encyclo- 
pedia. 

The  presence  of  a pigment  in  the  retina — the  visual  purple— was 
suggested  by  Boll  who  intended  thereby  to  explain  the  retinal  changes 
that  occur  during  the  visual  act. 

Purpura.  Purpura  hemorrh^vgica.  Purpura  simplex.  Purpura 
RHEUMATICA.  PeLIOSIS  RHEUMATICA,  ScHONLEIn’s  DISE.\SE,  MoR- 
Bus  MACULosis  Werlhopfi.  The  clinical  differences  between  these 
different  forms  of  purpura  are  very  artificially  constructed.  At  the 
bottom  of  all  is  an  hemorrhagic  tendency,  a pale,  vulnerable  skin  and 
anemia.  The  causes  are  not  defined.  Here  and  there  an  infectious 
agent  {bacillus  purpurce  Letzerich)  can  be  accused;  in  others  a fer- 
ment intoxication;  in  others  there  is  a chronic  endarteritis  with  fra- 
gility of  the  vessel  walls ; in  still  others  the  deficiency  of  blood  plate- 
lets is  put  forward  as  the  cause,  thus  assigning  a symptom  as  the 
etiological  factor.  This  affection,  vulgarly  called  “the  purples,” 
is  often  also  erroneously  placed  amongst  the  diseases  of  the  skin.  It 
is  in  reality,  a blood  disease,  and  is  characterized  by  the  appearance 
of  small,  round  spots,  of  a deep-purple  color,  which  are  seen  first  and 
most  abundantly  on  the  legs,  and  afterwards  extend  to  the  arms  and 
trunk.  They  are  not  effaced  by  pressure,  do  not  rise  above  the  sur- 
rounding surface,  and  are  sometimes  intermixed  with  livid  patches 
resembling  bruises;  and,  before  disappearing,  both  the  round  spots 
and  the  patches  undergo  the  same  change  of  color  which  a bruise  un- 


PURPURESCENT 


10805 


dergoes.  These  spots  are  not  peculiar  to  the  skin,  but  occasionally 
occur  upon  internal  surfaces  and  in  the  tissues  of  viscera.  There 
is  usually  much  debility,  and  often  a great  tendency  to  faintness. 
The  duration  of  the  disease  varies  from  a few  days  to  a year  or  more. 
Slight  cases  are  devoid  of  danger,  and  even  the  hemorrhagic  cases 
usually  recover,  unless  the  bleeding  has  been  excessive  or  the  blood 
has  been  extravasated  into  a vital  organ. 

The  treatment  which  succeeds  best  varies  in  different  cases,  but 
the  main  indication  always  is  to  correct  the  condition  of  the  blood. 
Arsenic,  turpentine,  acetate  of  lead,  gallic  acid  are  the  drugs  which 
are  generally  most  beneficial;  rest  in  bed,  light  diet,  and  laxatives  are 
desirable  at  the  commencement.  {Stamdard  Encyclopedia.) 

The  ocular  signs  of  purpura  are  few.  Rarely,  the  lids  are  the  seat 
of  the  hemorrhagic  deposits,  although  hemorrhages  into  the  optic 
nerve  and  retina  have  been  noted,  as  well  as  optic  atrophy. 

Motolese  (Ophthalmic  Year-Book,  p.  245,  1913)  saw  bilateral  pa- 
pillitis with  alternating  convergent  strabismus  from  rheumatoid  ex- 
anthematous purpura.  The  patient  was  a child  of  3 years.  The  day 
after  the  onset  of  febrile  symptoms,  purpuric  patches  appeared  on 
the  skin  of  the  abdomen  and  limbs  and  a convergent  strabismus  de- 
veloped. In  one  eye  hemorrhages  were  associated  with  tbe  papillitis. 
With  fading  of  the  eruption  the  symptoms  improved. 

Pechin  reported  spontaneous  ecchymosis  of  the  conjunctiva  of  the 
lids,  without  ocular  complications,  in  a child  9 years  of  age,  with  pur- 
pura hemorrhagica.  There  was  a simple  anemia  which  improved 
considerably  under  the  Roentgen  rays. 

Purpurescent.  Tinged  with  purple. 

Purpurogenous.  Producing  the  visual  purple. 

Purse-like  cataract.  See  Cataract,  Cystic,  p.  1477,  Vol.  IT  of  this 
Encyclopedia. 

Purslane.  Portulaca  oleracea.  In  the  times  of  Pliny  and  Dioscori- 
des,  purslane  root  was  supposed  to  be  injurious  to  the  eyes.  Never- 
theless, the  leaves  of  purslane,  well  rubbed  up  with  bean-pods,  then 
mixed  with  honey  and  milk,  were  used  as  a poultice  for  omli  proci- 
dentes  (panophthalmitis).  Portulaca  juice  was  also  esteemed  in  ul- 
cers of  the  cornea,  while  the  seed  in  the  form  of  a poultice  was  high- 
ly recommended  by  Archigenes  for  nyctalopia. — (T.  H.  S.) 

Purulent  cataract.  Putru)  cataract.  A term  (formerly  employed) 
for  hypopyon. 

Purulent  choroiditis.  Suppurative  choroiditis.  See  p.  2144,  Vol.  TIT 
of  this  Encyclopedia. 

Purulent  conjunctivitis.  Purueent  ophthalmia.  An  acute  inilam- 
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mation  of  the  conjunctiva,  which  begins  either  in  the  retrotarsal  fold 
or  palpebral  portion,  and  is  characterized  by  great  swelling,  redness, 
and  infiltration  of  the  tissues  of  the  lid,  great  edema  of  the  conjunc- 
tiva, both  ocular  and  palpebral,  great  heat  and  pain,  some  rise  of 
the  general  temperature,  and  a profuse,  purulent  discharge.  The 
complications  are  ulcer,  slough,  or  abscess  of  the  cornea,  prolapse  of 
the  iris,  and  sometimes  purulent  panophthalmitis.  It  is  markedly 
contagious  by  contact  with  the  secretion. 

As  a recent  contribution  to  this  subject,  an  investigation  of  infan- 
tile conjunctivitis  has  been  carried  out  by  A.  W.  Williams  and  C. 
Rosenberg  {Archives  of  Ophthal.,  March,  1916)  under  the  auspices 
of  the  Bureau  of  Laboratories  of  the  New  York  City  Health  Depart- 
ment in  order  to  determine  the  present  incidence,  causes,  and  re- 
sults of  purulent  conjunctivitis  in  infants  under  two  months  of  age. 
Examinations  were  made  of  the  eyes  of  1,000  consecutive  births, 
with  the  following  results:  (1)  In  a thousand  consecutive  births 
only  0.8  per  cent,  had  purulent  conjunctivitis.  (2)  In  ten  cases  out 
of  forty-seven  cultured  eases  or  in  21.2  per  cent,  only  staphylococcus 
or  staphylococcus  and  the  xerosis  bacillus  were  found,  but  not  in 
large  enough  numbers  to  be  considered  a cause.  (3)  In  twelve  of 
these  cultured  cases,  or  in. 25. 5 per  cent.,  the  gonococcus  was  found. 
In  nine  of  these  twelve  eases,  or  in  19.1  per  cent,  only,  of  all  the  cases, 
was  the  gonococcus  found  without  the  presence  of  either  the  strep- 
tococcus-pneumococcus group  or  the  infiuenza  group  of  organisms. 
In  three  of  these  twelve  eases,  or  in  6.3  per  cent,  of  all  the  cases,  the 
gonococcus  was  associated  with  either  or  both  the  streptococcus-pneu- 
mococcus and  the  infiuenza  gi-oups.  (4)  In  twenty-two  out  of  for- 
ty-seven cultured  cases,  or  in  46.3  per  cent,  of  all  the  cases,  was  the 
streptococcus-pneumococcus  group  of  organisms  found  independ- 
ent of  the  presence  of  the  gonococcus  and  the  influenza  bacillus.  It 
was  thus  found  to  be  apparently  about  twice  as  often  a cause  of  puru- 
lent conjunctivitis  as  the  gonococcus.  (5)  In  twelve  cases,  or  in  25.5 
per  cent,  (the  same  number  of  times  as  gonorrheal  infection),  was 
the  influenza  bacillus  group  found  as  the  apparent  exciting  cause. 
(6)  A history  of  77  per  cent,  of  cases  positively  receiving  prophylac- 
tic treatment,  and  of  a probably  greater  percentage  having  received 
if>  suggests  the  advisability  of  treatment  on  the  second  day  with  sil- 
ver nitrate  solution.  (7)  In  only  three  cases  was  the  cornea  in- 
volved. The  fact  that  these  three  cases  were  gonorrheal  infections 
confirms  the  opinion  that  cases  of  purulent  conjunctivitis  which  are 
infected  with  this  organism  are  liable  to  be  more  severe  in  infants 
than  those  due  to  other  infections.  (8)  Purulent  conjunctivitis  in 


PURULENT  CYCLITIS 


10807 


infants  is  due,  in  one-third  of  the  cases  at  least,  to  organisms  other 
than  the  gonococcus.  (9)  The  fact  that  purulent  conjunctivitis  or 
ophthalmia  neonatoimm  does  not  always  mean  an  infection  with  the 
gonococcus  should  make  physicians  more  ready  to  report  such  cases 
to  the  Health  Department.  See,  also,  p.  8511,  Vol.  XI  and  p.  3135, 
Vol.  V of  this  Encyclopedia. 

Purulent  cyclitis.  Purulent  iridocyclitis.  See  p.  3622,  Vol.  V,  as 
well  as  p.  6603,  Vol.  IX  of  this  Encyclopedia. 

Purulent  ophthalmia.  See  Purulent  conjunctivitis. 

Pustular  conjunctivitis.  Conjunctivitis  phlyctenulosa  maligna.  See 
p.  3129,  Vol.  IV  of  this  Encyclopedia. 

Pustule,  Malignant.  See  Bacteriology  of  the  eye;  as  well  as  Anthrax, 

Put-put.  (F.)  Datura  stramonium, 
p.  512,  Vol.  I,  of  this  Encyclopedia. 

Putrid  cataract.  A term  formerly  employed  for  hypopyon. 

Pyemia,  Eye  affections  due  to.  Secondary  invasions  of  the  whole  or- 
ganism by  septic  organisms — ^notably  by  various  strains  of  strep- 
tococci, pneumococci,  staphylococci  and  gonococci,  as  well  as  by  the 
tjHphoid  and  colon  bacilli — may  result  in  purulent  depots  in  any  part 
of  the  body,  including  the  eye.  In  those  cases  where  virulent  bac- 
teria in  quantity  pass  through  the  lymph  or  blood  stream  into  the 
eye,  panophthalmitis  generally  results.  This  subject  is  extensively 
treated  elsewhere — especially  under  Panophthalmitis,  p.  9230,  Vol. 
XII,  as  well  as  on  p.  2146,  Vol.  Ill  and  p.  7672,  Vol.  X of  this  En- 
cyclopedia. 

Pyle,  Edwin  Wollaston.  A well  known  ophthalmologist,  of  New  York 
City,  who  was  bom  in  1849  and  who  died  at  his  residence  in  Jersey 
City,  Feb.  7,  1902.  He  was  for  some  time  first  assistant  surgeon  at 
the  New  York  Eye  and  Ear  Hospital. — (T.  H.  S.) 

Pyocataract.  (Obs.)  Pumlent  cataract. 

Pyocyanase.  This  agent  is  a brownish  liquid  prepared  from  broth 
cultures  of  the  hacilltis  pyocyaneus.  (See  p.  743,  Vol.  II  of  this  En- 
cyclopedia.) 

In  a case  of  serpiginous  ulcer  of  the  cornea,  in  which  the  process 
had  steadily  increased  despite  energetic  medical  local  treatment,  Heil- 
bron  {Prac.  Med.  Series,  Eye,  p.  77,  1910)  was  able  to  stay  its  prog- 
ress by  the  instillation  of  pyocyanase.  The  active  principle  of  this 
agent  is  developed  by  the  formation  of  a bacterolytic  enzyme  which 
acts  destractively  not  only  upon  cultures  of  the  bacillus  pyocyaneus, 
but  upon  many  pathogenic  microorganisms.  The  pneumococcus  was 
destroyed  in  3 minutes. 

A.  Bronner  (Ophthalmic  Record,  p.  192,  1910)  described  six  cases 
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of  hypopyon  keratitis  which  he  had  treated  by  the  local  applica- 
tion of  pyocyanase  from  broth  cultures  of  the  bacillus  pyocyaneus. 
In  all  cases  the  treatment  proved  strikingly  successful,  but  atro- 
pine and  hot  fomentations  had  been  used  in  addition  to  the  special 
application.  Bronner  considers  pyocyanase  superior  to  the  cautery 
or  carbolic  acid  in  this  class  of  cases. 

Pyoktanin.  Blue  pyoktanin.  Methyl  violet.  This  is  one  of  the 
numerous  aniline  dyes  that  have  been  used  in  medicine.  It  is  a blue, 
crystalline  powder,  soluble  in  both  water  and  alcohol  and  forming 
with  them  intensely  blue-violet  solutions. 

Apart  from  its  value  as  a stain  in  detecting  corneal  ulcers  and 
abrasions,  the  Editor  has  not  found  this  agent  in  any  of  its  usual 
doses  (1-100  to  5,000)  of  particular  use  in  ocular  therapy,  although 
Stilling  and  others  have  recommended  it  in  various  infections  of  the 
conjunctiva  and  cornea — especially  in  comeal  ulcer. 

Arning  {Medizinische  Klinik,  1906,  No.  4)  recommends  in  the  mar- 
ginal eczema  of  children  a pyoktanin-benzoin  varnish  prepared  by 
dissolving  the  required  amount  of  pyoktanin  in  tincture  of  benzoin. 
This  procedure  is  best  carried  out  in  an  evaporating  basin,  some  of 
the  alcohol  being  allowed  to  evaporate  so  as  to  obtain  a somewhat, 
thicker  varnish.  This  varnish  has  the  advantage  of  being  easy  to 
apply  to  the  edge  of  the  lids  by  means  of  a suitable  brush;  it  dries 
rapidly  and  adheres  firmly.  In  case  a little  of  the  varnish  is  acci- 
dentally allowed  to  enter  the  conjunctival  sac,  it  causes  a slight  burn- 
ing, but  does  no  harm,  for  pyoktanin  is  not  irritant  to  the  conjunc- 
tiva. If  preferred,  a thick  watery  solution  of  pyoktanin  may  be 
used ; this  also  adheres  like  a varnish. 

Wickerkiewicz  gives  pyoktanin  the  preference  to  other  remedies 
in  such  affections  of  the  eye  as  gonorrhea  of  the  lachrymal  sac,  celluli- 
tis of  the  orbit,  and  empyema  of  the  cavities  that  adjoin  the  orbit. 

Pyoktanin  has  been  found  very  efficacious  in  corneal  ulcer  in  com- 
bination with  dionin. 

Merck  furnishes  both  blue  and  yellow  pyoktanin  in  the  form  of 
large  as  well  as  small  pencils,  fixed  in  handles  and  clasps,  for  their 
convenient  application  to  ulcers,  sinuses,  etc. 

In  chronic  mucopurulent  infections  of  the  lachrymal  sac  H.  V. 
Wiirdemann  employs  the  following  mixture:  3^.  Acid,  borici,  0.60; 
Sod.  chlor.,  0.20;  Zinci.  chlor.,  0.06;  Pyoktanin  (blue),  0.03;  Aquae 
dest.  30.00. 

J.  G-.  Dorsey  uses  the  following  mixture  as  a collyrium  in  infec- 
tions and  abrasions  of  the  cornea  and  as  an  injection  into  the  lach- 
rymal sac  in  cases  of  pumlent  dacryocystitis:  Methyl  violet, 

gr.  ss;  Aquae  dest.  fl.  54- 
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Pyoktanin,  Yellow.  Apyonin.  Yellow  pyoktanin  seems  to  have  had  as 
few  constant  friends  as  the  blue  variety,  although  it,  too,  has  been 
put  forward  as  a valuable  ocular  antiseptic,  to  be  employed  in  the 
same  strength  as  blue  pyoktanin.  In  the  form  of  pencils  it  has  been 
favorably  spoken  of  as  a germicide  when  directly  applied  to  ulcer  of 
the  cornea  and  to  the  lids  in  the  follicular  form  of  trachoma. 

Moreover,  Blanco  {Archivos  de  Oftalmologia,  May,  1912)  has  used 
and  recommends  this  agent  as  an  antiseptic  injection  in  the  treat- 
ment of  ciliary  blepharitis.  He  employs  a one  per  cent,  solution  of 
yellow  pyoktanin  in  distilled  water.  The  syringe  needle  was  inserted 
at  a point  two  or  three  millimeters  from  the  external  canthus  above 
or  below,  according  as  to  whether  the  upper  or  lower  lid  was  to  be 
injected.  The  needle  was  carried  through  the  tissues  almost  to  the 
internal  canthus,  parallel  with  and  about  two  millimeters  from  the 
ciliary  border.  The  solution  was  then  gradually  discharged  from 
the  syringe  as  the  needle  was  withdrawn,  0.5  ccm.  being  injected 
into  each  lid.  For  sensitive  patients  a few  drops  of  four  per  cent, 
solution  of  cocain  may  be  added  to  the  pyoktanin  solution.  In  some 
cases  a single  injection  produced  marked  results,  while  in  others  sev- 
eral injections  were  required;  but  more  or  less  decided  benefit  was 
obtained  in  the  large  majority  of  eases  of  granular  blepharitis,  with 
or  without  ulceration.  Success  was  little  or  none  in  squamous,  hyper- 
trophic, and  seborrheic  blepharitis. 

Pyophthahnia.  Pyophthalmitis.  Purulent  inflammation  of  the  eye. 

Pyorrhea  alveolaris,  Ocular  symptoms  of.  This  subject,  which  at  the 
moment,  is  much  to  the  fore  in  medical  literature,  has  been  to  some 
extent  discussed  under  Dental  amblyopia,  p.  3817,  Vol.  V of  this 
Encyclopedia. 

As  is  usual  when  a new  and  popular  explanation  is  suggested  for  a 
symptom  or  pathological  condition  but  little  understood  all  sorts  of 
other  imperfectly  explained  morbid  states  are  found  to  be  equally 
dependent  upon  the  alleged  morbiflc  activity.  Ten  years  hence  we 
shall  know  more  positively  what  ocular  symptoms  and  alterations  of 
eye  tissues  result  from  pyorrhea  alveolaris.  Meantime,  it  may  be 
further  reported  that  W.  M.  Beaumont  {Brit.  Med.  Jour.,  Septem- 
ber 26,  p.  525,  1913)  regards  pyorrhea  alveolaris  as  the  most  fre- 
quent source  of  toxemic  iritis,  and  the  reasons  would  seem  to  be, 
first,  the  great  prevalence  of  pyorrhea,  and,  second,  the  fact  that  the 
infection  in  these  cases  is  direct  into  the  circulation,  whereas  in  many 
other  forms  of  alimentary  toxemia  the  toxins  undergo  the  ordeal  of 
the  hepatic  furnace. 

Again  this  writer  {British  Med.  Jour.,  p.  525,  Sept.  26,  1914)  has 
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investigated  the  subject  of  focal  infection  in  the  causation  of  iritis 
and  quotes  approvingly  Lang’s  statistics  that  64  per  cent,  of  the 
cases  of  iritis  attributed  to  sepsis  are  caused  by  pyorrhea  alveolaris. 
He  is  convinced  that  this  disease  is  undoubtedly  the  most  frequent 
cause  of  this  form  of  iritis,  although  the  patient  with  pyorrhea  may 
also  be  a suiferer  from  syphilis  or  gonorrhea.  However,  in  a patient 
suffering  from  this  form  of  eye  disease,  careful  examination  should 
be  made  of  the  mouth  and,  if  it  is  diseased,  appropriate  treatment 
should  be  instituted.  Beaumont  says  that  drastic  treatment  is  war- 
ranted in  these  cases,  and,  if  necessary,  all  foci  of  disease  should  be 
removed  by  extraction  of  the  offending  teeth.  As  he  puts  it:  “The 
cure  of  iritis  is  of  paramount  importance,  and  it  is  better  to  lose 
thirty-two  teeth  than  one  eye.” 

Now  that  it  has  been  demonstrated  that  we  have  in  emetine  hydro- 
chloride a real  specific  for  pyorrhea,  through  the  use  of  which  we 
can  not  only  cure  the  disease,  but  usually  save  the  teeth  at  the  same 
time,  it  is  apparent  that  this  alkaloid  should  be  given  a thorougli 
trial  whenever  the  iritis  is  complicated  wdth  Riggs’  disease.  How- 
ever, the  possibility  of  syphilitic  infection  should  always  be  kept  in 
mind. 

S.  G.  Tibbies  (Brit.  Med.  Jour.,  Apr.  4th,  1914)  reports  two  cases 
of  eye  conditions  associated  with  pyorrhea  alveolaris.  The  first  had 
vitreous  opacties  and  evidences  of  a recent  choroiditis.  The  mouth 
was  in  bad  condition,  the  gums  very  unhealthy,  teeth  carious  and 
broken  down.  No  history  of  lues.  Attention  to  the  mouth  was  or- 
dered. Mercury  and  potassium  iodid  were  given  internally.  In 
two  months  the  vitreous  opacities  had  cleared  and  the  choroiditis 
was  better.  The  second  patient  had  irido-cyclitis  0.  D.,  keratitis 
punctata,  vitreous  opacities  and  a beginning  choroiditis.  The  mouth 
showed  both  gums  and  teeth  to  be  in  a most  unhealthy  state.  Pus 
oozed  from  the  sockets  of  the  teeth,  which  were  practically  all  cari- 
ous. The  general  condition  of  the  patient  was  bad.  As  she  had 
only  one  eye  to  depend  upon,  treatment  was  urgent.  All  the  teeth 
were  pulled  and  a mouth  wash  given.  The  ocular  conditions  im- 
proved and  two  months  later  the  eye  was  perfectly  quiet,  and  treat- 
ment was  stopped.  The  health  improved  and  a gain  of  six  pounds 
in  weight  was  noted. 

The  Ophthalmic  Year-Book,  p.  135,  1916,  also  contains  a number 
of  observations  on  this  subject.  Sedwick  reported  a case  of  recur- 
rent iridocyclitis,  the  cause  of  which  had  long  remained  obscure. 
The  first  attack  had  begun  in  December,  1911,  and  was  treated  succes- 
sively with  sodium  salicylate,  mercurial  inunctions  combined  with 
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pot^sium  ioclid  (Wassermann  positive),  and  atropin  locally,  with 
but  temporary  relief.  Slow  recovery  followed  the  use  of  a blister 
on  the  temple  and  the  administration  of  salvarsan,  but  .the  pupil 
remained  fixed  and  irregular.  A second  attack,  accompanied  by  se- 
vere pain,  occurred  in  March,  1915.  Another  attack  in  October, 
1915,  was  equally  resistant  to  treatment.  Examination  of  the  mouth 
then  showed  the  presence,  beneath  the  gums  of  such  teeth  as  were 
not  false,  of  pus  which  was  easily  expressed.  A case  of  iridocyclitis 
of  Westcott’s  improved  after  tonsillectomy,  but  had  two  recuiTences 
promptly  because  of  his  effort  to  save  the  bad  teeth  of  the  patient. 

Brown  and  Irons  emphasize  the  fact  that  dental  infection  occurs 
in  a large,  proportion  of  all,  and  care  must  be  exercised  in  as- 
cribing to  such  infections  a causal  role  when  found  in  subjects  of 
iritis  or  other  metastatic  lesions.  Alveolar  abscesses,  or  apical  infec- 
tions demonstrated  by  radiographs  and  confirmed  by  the  oral  sur- 
geon, were  found  in  forty-one  out  of  100  patients.  In  eighteen  pa- 
tients the  dental  lesion  was  regarded  as  the  source  of  the  iritis.  Th® 
evidence  on  which  this  conclusion  was  based  varied  in  the  several 
eases  but  included  such  facts  as  the  absence  of  other  sources  of  in- 
fection and  the  prompt  clearing  of  the  eye  on  removal  of  the  cause, 
or  the  association  of  the  initial  attack  or  recurrences  of  iritis  with 
known  dental  infection;  or,  if  other  infectious  processes  were  also 
present,  the  failure  of  treatment  to  relieve  the  iritis  until  the  ab- 
scesses were  discovered  and  removed.  In  fifteen  patients  the  iritis 
seemed  to  be  clearly  due  to  other  causes,  such  as  syphilis,  tonsillar 
infection,  etc.,  and  the  dental  infection  relatively  inactive  so  far 
as  concerned  the  causation  of  metastatic  lesions.  In  the  remaining 
nine  patients  the  dental  infection  wms  associated  with  other  infec- 
tions, often  two  or  more,  including  tonsillar,  sinus,  syphilitic,  or 
gonococcal,  and  the  authors  were  unable  to  satisfy  themselves  which 
infection  was  responsible  for  the  disease  of  the  eye.  So  far  as  pos- 
sible they  tried  to  arrange  the  sequence  of  surgical  and  other  treat- 
ment so  that  they  could  observe  the  effect  of  each  procedure  on  the 
eye.  But  in  a number  of  instances  considerations  of  expediency  and 
the  saving  of  vision  made  it  necessary  to  proceed  rapidly  to  the  elim- 
ination of  all  possible  causes  of  the  iritis. 

That  there  are  no  distinguishing  peculiarities  or  marks  about  an 
iritis  from  an  apical  abscess  was  demonstrated  in  a ease  of  iritis 
of  Marple  which,  put  on  the  usual  treatment,  began  to  improve  im- 
mediately, no  attention  having  been  paid  to  an  apical  abscess  sub- 
sequently found.  The  iritis  was  soon  well,  and  it  was  evident  that 
the  apical  abscess  had  nothing  to  do  with  it.  This  simply  illustrates 
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the  importance  of  being  sure  that  the  suspected  etiologic  factor  is  the 
real  one  and  of  not  forgetting  that  there  may  be  a combined  infection 
in  many  of  the  cases.  We  may  expect  to  read  in  our  literature  for 
some  time  to  come  reports  of  so-called  ocular  inflammations  depend- 
ent on  dental  infections.  Such  infections  will  have  a “boom”  for 
a while  ; but,  as  Dr.  Herman  Knapp  once  said,  We  cannot  reach  a 
satisfactory  conclusion  on  any  subject  until  its  boom  has  subsided. 
Then  we  will  probably  realize  that  such  infections  do  play  a role,  but 
not  nearly  so  important  a role  as  seemed  to  be  the  case  during 
the  “boom.” 

C.  C.  Bass  and  F.  INI.  Johns  {Jour.  Am.  Med.  Assocn.,  Feb.  13, 
1915)  believe  that  the  ocular  symptoms  set  up  by  the  Endamoeha 
huccalis  (the  bacterial  cause  of  pyorrhea  dentalis)  as  well  as  the 
underlying  disease  can  be  relieved  by  hypodermic  injections  of  eme- 
tine. This  treatment  requires  to  be  continued  for  some  consider- 
able period,  and  relapses  can  only  be  prevented  by  repetition  of  the 
treatment  until  all  the  lesions  have  healed.  As  a supplementary  meas- 
ure they  suggest  the  injection  of  ipecacuanha  or  emetine  direct  into 
the  lesions  and  also  the  occasional  rinsing  of  the  mouth  with  fluid 
extract  of  ipecacuanha.  Whether  patients  would  readily  submit  to 
the  hypodermic  injections  of  emetine  may  be  doubted,  but  the  other 
measures  might  well  be  tried  in  view  of  the  failure  of  most  of  the 
present  local  methods  of  treatment. 

Pyorrhea  of  Meibomian  glands.  This  name  is  given  to  a swelling  of 
the  lids  due  to  infection  of  the  glands  but  without  much  conjunctival 
irritation.  The  course  of  the  gland  is  marked  on  the  mucous  sur- 
face by  a Avell-deflned  line  of  hyperemia,  and  a small  drop  of  pus 
can  generally  be  squeezed  out  of  the  glandular  mouth  on  the  inter- 
marginal space.  Sometimes  all  the  glands  on  both  sides,  especially 
of  the  upper  lid,  are  involved.  The  treatment  consists  in  slitting 
up  each  infected  gland  from  its  opening  as  far  as  it  seems  to  be  af- 
fected, and  keeping  the  wound  cleansed  by  means  of  an  antiseptic 
solution. 

Pyoscope.  An  instrument  devised  by  Heeren  for  estimating  the  rich- 
ness of  milk  (in  a thin  layer  between  two  glasses)  by  its  color. 

Pyosis.  (Obs.)  Hypopyon;  pterygium;  suppuration  of  the  eye. 

Pyraloxin.  Pyrogallol  oxidatum.  Acidum  pyrog^uglicum  oxidatum. 
Pyrogallol  oxidized  by  air  in  the  presence  of  ammonia.  A brown 
powder,  stable  in  air,  soluble  in  water,  especially  on  warming. 

It  was  introduced  into  therapeutics  by  Unua,  who  has  recommended 
it  for  chronic  conjunctivitis  with  ciliary  blepharitis.  He  prescribes 
the  following  solution  for  this  purpose : Pyraloxini  0.01—0.05  grm. 
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(gr.  1-6 — 5-6)  ; Aquas  boracis  Pli.)  ; Aquae  foeniculi,  aa  5 gnn. 

(gr.  75). 

By  the  frequent  use  of  these  drops  Unua  has  been  able  to  effect  a 
cure  of  conjunctivitis  in  cases  which  had  been  given  up  as  incurable. 

Pyramidal  cataract.  A form  of  cataract  resulting  from  central  per- 
forating ulceration  of  the  cornea  in  early  life,  and  generally  associ- 
ated with  central  opacity  of  the  cornea.  It  appears  as  a small, 
sharply-defined  spot  of  chalk-white  opacity  at  the  anterior  pole  of 
the  lens,  which,  when  viewed  laterally,  stands  forward  as  a little 
nipple  or  pyramid.  It  consists  of  the  degenerated  products  of  a lo- 
calized inflammation  just  beneath  the  lens-capsule  with  the  addition 
of  organized  lymph  deposited  on  the  capsule  from  the  iris.  See  p. 
1574,  Vol.  Ill  of  this  E'tioyclo'pedia. 

Pyramidalstaar.  (G.)  Pyramidal  cataract. 

Pyretophthalmia.  (L.)  An  old  jterm  for  an  ophthalmia  caused  by 
inflammatory  fever;  fever  complicated  with  ophthalmia. 

Pyrheliometer.  Pyroheliometer.  A calorimeter  for  measuring  the 
heating  power  of  the  solar  rays. 

Pyridin.  CglIgN.  This  is  a colorless  liquid  alkaloid  with  a burning 
taste  and  acrid  penetrating  odor.  It  is  obtained  by  distillation  from 
bone  oils  and  other  organic  sources.  Taken  into  the  human  organism 
it  is  changed  into  methylpyridin  and  appears  under  other  forms  in 
the  urine.  It  acts  as  a local  irritant  to  the  eyes. 

Pyrodin.  See  Hydracetin,  p.  6074,  Vol.  VIII  of  this  Encyclopedia. 

PyrogaUol  oxidatum.  See  Pyraloxin. 

P3n:ognoinic.  Exhibiting  phosphorescence  when  heated. 

Pyrometer.  A high-temperature  thermometer,  generally  constructed 
without  a fluid  element. 

Pyrometer,  Optic.  An  instrument  invented  by  Becquerel;  a pho- 
tometer used  as  a pyrometer,  the  luminous  intensity  of  a body  be- 
ing found  to  correspond  to  its  temperature. 

Pyrophanous.  Rendered  transparent  or  translucent  by  heat. 

Pyrophotography.  Any  photographic  process  in  which  heat  is  used 
to  fix  the  image. 

Pyroscope.  An  instrument  for  measuring  the  thermal  intensity  of 
radiation. 

Pyrrol  tetriodide.  See  lodol,  p.  6571,  Vol.  IX  of  this  Encyclopedia. 

Q 

Quackery  in  ophthalmology.  See  Charlatan;  Popular  ophthalmology; 
as  well  as  Ophthalmology,  History  of,  p.  8524,  Vol.  XI  of  this 
Encyclopedia. 
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QuEidraiigle.  A plane  figure  having  four  angles ; a quadrilateral. 

Quadrant,  (a)  The  quarter  of  a circle;  the  arc  of  a circle  containing 
90°,  or  the  figure  included  between  this  arc  and  radii  drawn  from  the 
centre  of  the  circle  to  each  extremity,  (b)  The  navigational  instru- 
ment better  described  as  the  reflecting  octant. 

Quadrantanopsia.  Blindness  in  one-quarter  of  the  visual  field ; quad- 
rant amblyopia  or  defect.  See  Military  surgery  of  the  eye,  espe- 
cially p.  7810,  Vol.  X;  Gunshot  wounds  of  the  ocular  apparatus,  p. 
5666,  Vol.  VII,  and  Hemiopia,  p.  5792,  Vol.  VIII  of  this  Encyclopedia. 
The  subject  is  also  fully  treated  under  War,  Ophthalmic  medicine 
and  surgery  in. 

Traumatic  quadrantanopsia  with  partial  recovery  in  two  cases  is 
recorded  by  C.  E.  H.  Milner  {Lancet,  July  24,  1915).  The  occur- 
rence in  both  of  bullet  wounds  in  the  occipital  region,  immediately 
followed  by  complete  blindness,  and  of  subsequent  recovery  of  vision 
except  in  one  direction,  which  was  identical  in  both — the  left  lower 
quadrant  of  the  visual  field — is  noted.  And  perhaps  the  chief  interest 
is  a psycho-anatomic  one,  namely,  a consideration  of  the  question 
why  there  existed  a condition  of  total  blindness  and  why  there  had 
been  recovery. 

As  to  the  etiology  of  the  condition  present  in  both  cases,  one  of 
double  complete  hemianopsia  passing  into  double  quadrantie  hemi- 
anopsia, there  are  two  possible  solutions:  In  both  cases  there  was 
certainly  some  actual  damage  done — i.  e.,  some  (probably  permanent) 
injury  to  the  lower  part  of  the  cuneus  on  the  mesial  surface  of  the 
right  occipital  lobe.  Such  damage  would  readily  account  for  the 
persistent  quadrantie  hemianopsia.  It  is  for  the  other  condition,  that 
of  transient  double  complete  hemianopsia,  of  temporary  total  blind- 
ness, that  there  are  two  possible  solutions.  On  the  one  hand  this 
may  have  been  caused  by  hemorrhage  at  the  moment  of  the  wound, 
by  blood  effused  along  the  mesial  aspect  of  the  occipital  lobes,  which 
by  pressure  caused  immediate  total  blindness,  and  later  became  or- 
ganized into  a small  clot;  or  it  may  be  due,  as  suggested  by  Major 
P.  W.  Mott,  to  a profound  but  passing  .shock  effect  which  made  it- 
self felt  also  in  the  opposite  occipital  lobe,  and  for  the  time  being 
paralyzed  the  function  of  the  entire  visuo-sensoiy  apparatus. 

De  Lapersonne  and  Velter  {Ophthalmic  Year-Book,  p.  256,  1913) 
report  the  ease  of  a youth  who  was  wounded  by  a revolver  bullet, 
which  passed  directly  from  before  backward  through  his  left  orbit, 
and  was  shown  to  have  lodged  in  the  left  oecipital  lobe  of  the  brain 
near  the  median  line.  The  right  eye  was  normal,  the  left  greatly 
protruded.  The  patient’s  general  condition  became  so  serious  as  to 
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require  two  lumbar  punctures.  The  left  eye  was  enucleated,  and 
it  was  first  possible  to  completely  examine  the  patient  sixteen  days 
after  the  accident.  There  was  marked  clouding  of  the  intellect,  with 
disorientation  for  time  and  space,  and  loss  of  memory.  There  was 
visual  verbal  amnesia,  the  motor  image  of  the  word  no  longer  being 
evoked  by  seeing  it,  but  being  producible  if  other  sensory  impres- 
sions came  to  the  assistance  of  the  visual.  Examination  of  the  right 
eye,  which  had  normal  visual  acuity,  showed  quadrant  anopsia  in- 
volving the  upper  temporal  quadrant  of  the  visual  field,  which  re- 
mained as  a permanent  defect. 

Quadrante  astigmatico.  (It.)  Astigmatic  clock-face.  ' 

Quadrant  liemianopsia.  Quadpiant  hemiopia.  More  properly  quad- 
rantanopsia,  (q.  v.). 

Quadrant  of  altitude.  A graduated  quadrant  meridionally  fixed  with 
respect  to  an  artificial  globe. 

Quadrant,  Polack’s.  This  is  one  of  numerous  clock-face  devices  for 
the  detection  and  correction  of  astigmatism.  For  example,  Schots 
{Ophthalmic  Year-Book,  p.  53,  1913)  has  constructed  a metal  quad- 
rant attached  to  a handle  with  a circle  in  the  center  to  which  is  fas- 
tened a movable  pointer;  the  latter  is  kept  constantly  vertical  by  a 
Aveight;  the  cylinder  whose  axis  is  sought  is  attached  to  the  instru- 
ment above  and  a straight  line  is  regarded  through  it;  the  instru- 
ment is  turned  until  the  line  becomes  straight.  The  pointer  then 
.shows  the  position  of  the  axis  up  to  1 degree. 

Folinea  has  found  that  the  Polack  movable  quadrant  having  five 
lines  at  intervals  of  5 degrees  favor  a more  accurate  estimate  of 
the  astigmatic  axis  in  ten  cases  than  the  ordinary  clock  dial  with 
lines  at  intervals  of  15  degrees.  See  Chart. 

Quadrat.  An  instrument  having  sights,  a plummet,  and  an  index 
for  the  approximate  measurement  of  altitudes. 

Quadrate,  (a)  Square,  (b)  To  divide  into  four  equal  parts.,  (c)  To 
square,  fit,  or  agree. 

Quadratus.  The  quadrate  muscle.  See  Comparative  ophthalmology, 
p.  2610,  Vol.  IV  of  this  Encyclopedia. 

Quadratus,  Bulbus.  Another  name  for  phthisis  hulhi.  See  p.  1327, 
Vol.  II  of  this  Encyclopedia. 

Quadri,  Alessandro.  Son  of  Giovanni  Battista  Quadri,  and  a famous 
Italian  ophthalmologist.  Bom  at  Naples  in  1827,  he  there  received 
his  medical  degree,  and  there,  on  the  death  of  his  father,  was  made 
professor  of  military  surgery.  He  practised  chiefly  as  ophthalmol- 
ogist, and  was  a very  skilful  operator.  He  died  June  27,  1869. 

Quadri ’s  chief  ophthalmologic  writings  are  as  follows; 
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1.  De  rutilite  de  la  Decoction  de  Ratanhia  dans  la  Keratite. 
{Annal.  d’Ocul.,  XXXIII,  1855.) 

2.  Cas  Remarquable  de  Guerison  d’une  Fistule  lacrymale.  (lb.) 

3.  Reclierclies  et  Observations  sur  les  Tubes  Corneens.  (lb.) 

4.  De  rOperation  du  Stapbylome  Partiel  de  la  Coruee  {Ib 
XXXIV,  1855.) 

5.  Melanges  Oplithalmologiques.  {lb.,  XXXVI,  1856  and 
XXXVII,  1857.) 

6.  Compte  Rendu  des  Maladies  Oculaires  Traitees  a THopital 
Militaire  de  la  Trinite.  {Ib.,  XL,  1858.) 

7.  Clinique  Opbtlialmologique.  {Ib.,  XLII,  1859;  XLIV,  1860.) 

8.  De  rOphthalmie  Militaire  dans  ITtalie  Meridionale.  {Ib., 
XLVI.)— (T.  H.  S.) 

Quadrilarious.  QuiVORiSERiAL.  Disposed  in  four  rows  or  series. 

Quadrifocal.  Having  four  foci. 

Quadriform.  Having  a four-fold  aspect. 

Quadrifrons.  Having  four  faces. 

Quadri,  Giovanni  Battista.  Father  of  Alessandro  Quadri,  and  him- 
self a celebrated  Italian  ophthalmologist.  Born  at  Vicenza,  Italy, 
in  1780,  he  devoted  himself  almost,  but,  as  it  seems,  not  quite,  ex- 
clusively, to  ophthalmology.  In  1811  he  was  prosector  at  Bologna, 
but  later  removed  to  Naples,  where  he  founded  an  ophthalmic  hos- 
pital and  became  established  as  a teacher  of  ophthalmology.  He 
died  at  Naples  near  the  close  of  1851. 

In  addition  to  numerous  journal  articles  on  ophthalmologic  sub- 
jects, Quadri  wrote  ' ‘ Annotazioni  Pratiche  sulle  Malattie  degli  Occki, 
liaccolte  nella  Reale  Souolu  Clinica  di  NapolP^  (Naples,  1818- ’24,  2 
vols.).— (T.  H.  S.) 

Quadriseptate.  Having  four  septa  or  partitions. 

Quadruplex.  Quadruplicate.  Fourfold. 

Quadruple  vision.  The  simultaneous  perception  of  four  visual  images. 

Quaglino,  Antonio.  A famous  Italian  ophthalmologist,  inventor  of 
sclerotomy  for  the  treatment  of  glaucoma,  founder  (1870)  of  the 
Annali  di  Ottalmologia,  and  one  of  the  most  distinguished  operators 
of  his  day.  Born  in  Oct.,  1817,  at  Zubiena,  near  Biella,  in  Piedmont, 
he  received  his  medical  degree  at  Pavia  in  1842.  In  1843  he  was 
made  assistant  at  the  Eye  Clinic  of  Prof.  Flarer.  In  1849  he  became 
privatdocent  for  ophthalmology  in  Milan,  and,  in  1854,  ophthalmol- 
ogist to  the  Hospital  of  the  Brothers  of  Mercy  in  the  same  city.  In 
1860  he  won,  by  competitive  examination,  the  chair  of  ophthal- 
mology in  Pavia,  in  succession  to  Flarer.  While  in  this  position  he 
became  renowned  not  only  as  a teacher,  but  also  as  operator  and 
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writer.  Many  of  the  greatest  Italian  ophthalmologists  of  today  were 
Quaglino’s  students.  To  him  it  was  also  due  that  the  most  important 
medical  works  in  German  were  translated  into  Italian,  those,  in  par- 
ticular, of  Niemeyer,  Virchow,  and  Stellwag.  Late  in  life  Quag- 
lino  became  completely  blind,  and,  from  the  time  when  this  occurred, 
he  remained  in  close  retirement.  He  died,  early  in  the  year  1894, 
aged  76  years. 

Quaglino’s  most  important  writings  are: 

1.  Dei  Progressi  dell’  Oftalmologia  in  Italia.  (1850.) 

2.  Commentario  sulle  Amaurosi  Cerehrali,  Spinali  e Gangliari. 
(1863.)— (T.  H.  S.) 

Qualimeter.  An  instrument  for  measuring  the  hardness  of  roentgen 
rays. 

Qualitative.  Relating  to  quality. 

Quantimeter.  An  apparatus  for  measuring  the  quantity  of  roentgen 
rays  generated  by  a tube. 

Quantitative.  Pertaining  to  quantity. 

Quaquaversal.  Inclined  uniformly  in  all  directions  from  a central 
point  or  area. 

Quarre,  Frangois.  A celebrated  French  ophthalmologist,  concerning 
whom  but  little  is  now  known.  He  flourished  in  the  middle  and  lat- 
ter half  of  the  17  th  century.  His  fame  rests  almost  exclusively  on 
his  having  been  the  first  to  teach  that  a cataract  is  really  an  opac- 
ity  of  the  crystalline  lens,  and  not  a “corrupt  humor”  which  has 
collected  and  inspissated  in  front  of  that  structure.  This  latter  doc- 
trine had  been  held  and  inculcated  since  at  least  the  Hippocratic  pe- 
riod. One  does  not  know  definitely  whether  or  not  Quarre  ever  con- 
firmed his  theory  by  anatomical  dissection.  Rolfinck,  however,  in 
1656,  did  in  that  manner  undoubtedly  and  definitely  establish  the 
true  doctrine  concerning  the  seat  and  nature  of  cataract. 

Henry  Lasnier  (we  may  add  for  the  sake  of  completeness)  as  well 
as  Quarre,  but  a little  later  (also,  presumably,  on  the  same  purely 
theoretical  grounds),  had  declared  the  intralenticular  situation  of 
cataract. — (T.  H.  S.) 

Quarter-square.  The  fourth  part  of  the  square  of  a number. 

Quarter-undulation.  A quarter  of  a wave-length. 

Quartilunar.  Pertaining  to,  or  consisting  of,  one-fourth  of  a lunar 
month. 

Quartz-lig'ht.  George  Coats  reviews  the  work  of  Mohr  and  Baumm 
{KUn.  Monatsbl.  f.  Augenh.,  May-June,  1911)  who  by  means  of  a 
special  modification  have  succeeded  in  treating  trachoma  and  follicu- 
lar conjunctivitis  with  the  mercury  vapor  lamp,  a method  which  has 
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been  used  in  dermatology.  For  details  of  the  apparatus  the  original 
should  be  consulted.  The  treatment  causes  swelling  of  the  lid  and 
the  formation  of  a membrane  which  is  thrown  off  in  about  eight  days, 
leaving  either  a flat  or  granulating  surface,  from  which  tlie  follicles 
have  disappeared.  The  greatest  success  is  obtained  in  quite  recent 
trachoma,  or  in  obstinate  follicular  conjunctivitis.  In  cases  of  some 
standing  the  results  are  not  much  better  than  with  ordinary  meth- 
ods, and  in  old  and  deep-seated  trachoma  they  are  worse.  As  the 
method  is  costly  and  the  apparatus  somewhat  formidable  one  fails 
to  see  what  place  it  can  have  in  ocular  therapeutics. 

Quecksilber.  (G.)  Mercury. 

Quelmaltz,  Samuel  Tbeodor.  A celebrated  Lipsian  anatomist,  sur- 
geon, pathologist  and  therapeutist,  who  should  be  borne  in  mind  by 
ophthalmologists  in  particular  and  humanity  in  general,  because  he 
was  the  first  to  attribute  ophthalmia  neonatorum  to  infection.  Prior 
to  his  time,  this  terrible  disease  was  ascribed  to  colds,  traumatism, 
foul  air,  etc. 

Born  at  Freiburg,  Saxony,  May  11,  1696,  he  received  his  medical 
degree  at  Leipsic,  and  there,  beginning  in  1737,  became,  successively, 
extraordinary  professor  of  anatomy  and  surgery,  professor  of  anat- 
omy and  surgery,  professor  of  pathology  and  therapy.  In  1757  he 
was  elected  Dean  of  the  Faculty,  and  a few  months  later  (Feb.  10, 
1758)  he  died. 

He  wrote  a large  number  of  dissertations,  of  which  most  relate  to 
general  medicine.  The  special  ophthalmic  article  is  “De  Coecitate 
Infantum  Fluoris  Albi  Materni  ejusque  Virulenti  Pedisequa”  (Lips,, 
1750).  As  a matter  of  course,  Quelmaltz  knew  nothing  at  all  of  the 
germ  theoi*y  of  disease,  but,  just  the  same,  when  he  assigned  the 
mother’s  discharges  as  the  source  of  the  disease  in  the  child’s  eyes, 
he  had  taken  a great  step  forward  in  ophthalmology. — (T.  H.  S.) 

Querer  Durchmesser.  (G.)  A transverse  diameter. 

Quetschung.  (G.)  Contusion. 

Quinary.  Fivefold ; composed  of  five  parts  or  elements. 

Quince.  Cydonia  vulgaris.  In  ancient  Greco-Roman  times,  quince 
leaves,  mixed  VTith  porridge  and  wine,  were  applied  to  the  forehead 
for  any  ophthalmic  affection  accompanied  by  profuse  discharge. 
For  acute  inflammations  of  the  eye,  the  fresh  and  the  dried  blos- 
soms of  the  quince  were  both  highly  recommended  as  a poultice. 
— (T.  H.  S.)  See  Cydonia. 

Quinia.  See  Quiniu. 

Quinina.  See  Quinin. 

Quinin.  Quinina.  Chininum.  Quinia.  Quinine.  This  alkaloid 
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oceiii-s  as  a white,  flakey  powder,  with  no  odor  but  a persistent,  bit- 
ter taste.  It  is  sparingly  soluble  (1 — 1750)  in  water:  more  freely 
in  alcohol  and  glycerine.  The  best  salt  of  quinine  for  ophthalmic  use 
is  the  hydrochloride  (ate),  because  it  is  freely  soluble  in  water.  The 
sulphate,  citrate,  benzoate  and  borate  have  also  been  used. 

Quinine  is  incompatible  with  ammonia,  the  alkalies,  tannin,  iodine 
and  the  iodides. 

Quinine  and  its  salts  have  long  been  employed  as  a collyrium  in 
various  alfections  of  the  anterior  ocular  segment  as  1/5  to  1 per 
cent,  solutions  but  with  little  benefit.  Gonzalez  says  that  a 1 per  cent, 
solution  of  neutral  hydroclilorate  (ide)  of  quinine  is  of  great  value 
in  any  suppurative  infection  of  the  cornea.  The  remedy  produces  a 
burning  sensation  which  rapidly  passes  off ; there  is  also  some  lachry- 
mation.  He  says  that  the  day  after  the  use  of  quinine  the  infiltrated 
zone  of  the  ulcer  is  less  distinct,  the  abscess  becomes  smaller  and  the 
cornea  gi-adually  clears — all  due  to  the  antiseptic  action  of  the  rem- 
edy. Reich-HoUender  has  advised  a lotion  and  cold  compress  of  the 
hydrochloride.  It  is  to  be  used  as  an  adjunct  to  other  treatment, 
especially  after  the  eye  has  been  irrigated  with  normal  salt  solution 
or  some  similar  fluid:  1^  Quinise  hydrochlor.,  1.00  (gr.  xv),  Aquse 
dest.,  90.00  (fl.  oiii)- 

As  a local  application  in  membranous  conjunctivitis  Lawson 
{Text-hook,  p.  538)  has  the  following:  Quinias  sulph.,  gr.  iv. 

Acid,  sulph.  dil.,  m.  ss.  Aquae  dest.  ad,  fl.  5i. 

W.  K.  Butler,  who  sees  a number  of  cases  of  vernal  conjunctivitis 
among  the  mulattoes  of  Washington,  finds  the  following  mixture  of 
decided  value:  Quiniae  hydrochlor.,  0.10-0.30,  Vaselin.  alb.,  10.00. 

This  ointment  is  to  be  applied  once  or  twice  daily. 

J.  S.  Mott  advises  in  corneal  ulcer  the  following  collyrium  to  be 
dropped  into  the  eye  three  times  daily:  1^  Quiniae  sulph.,  gi*.  ii, 

Atropin.  sulph.,  gr.  iii.  Glycerin!,  fl.  5s.s,  Aquae  dest.  ad.,  fl. 

5iv. 

John  Tweedy  {British  Medical  Journal,  Jan.  1,  1916)  re- 

maa*ks  that  he  many  years  ago  advocated  the  treatment  of 

“true”  diphtheritic  ophthalmia  by  means  of  quinine  sulphate. 
For  some  time  past  he  has  employed  the  sulphate  and  the 
hydrochloride  salt  indifferently,  and  has  extended  the  method  to  all 
cases  of  infective  and  sloughing  ulcers  of  the  cornea,  and  to  many, 
if  not  to  all,  forms  of  infective  inflammation  of  the  conjunctiva. 

Morgenroth  and  Ginsberg  {Berlin.  Klin.  Wochenschr.,  p.  2183, 
Nov.  11,  1912)  have  elaborated  their  former  work  on  the  effects 
of  the  alkaloids  of  quinin  on  the  cornea,  and  have  tried  various 
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strengths  of  a quinin  base  in  olive  oil,  from  1 per  cent,  to  4 per 
cent.  The  latter  produced  complete  anesthesia  in  four  minutes, 
lasting  from  forty-five  minutes  to  fifty-eight  minutes.  Hydroquinin 
base  2 per  cent,  in  olive  oil  produced  immediate  anesthesia,  lasting 
from  sixty-three  minutes  to  seventy-nine  minutes.  Ethylhydrocu- 
preiu  base  4 per  cent,  in  olive  oil  produced  complete  anesthesia 
after  one  minute,  lasting  from  four  to  five  days;  the  cornea  also 
became  cloudy  and  the  anesthesia  was  still  present  to  some  extent 
eight  days  later.  They  also  tried  isopropylhydrocuprein  base  and 
isoamylhydrocuprein  base.  The  principal  result  shown  is  that 
ethylhydrocuprein-hydrochlorate,  in  a solution  of  erythrocytes,  is 
much  more  soluble  and  absorbed  much  quicker  than  in  oily  solution. 

Leber  (Bericht  der  Ophthalm.  Gesellschaft,  1913)  tried  the  effect 
of  a 1 per  cent,  solution  of  quinine  upon  trachoma  in  Sumatra.  It 
appeared  to  diminish  the  subjective  sensations,  but  had  no  real  effect 
upon  the  disease.  The  cell  inclusions,  however,  lost  their  outline  and 
degenerated.  He  also  tried  an  oily  solution  of  a derivative  of  hydro- 
quinine, ethylhydrocuprein,  upon  hypopyon-ulcers.  Some  were  fa- 
vorably influenced,  but  others  progressed  uninfluenced  by  the  drug. 
In  the  discussion  that  followed,  Lohlein  said  that  there  was  no  evi- 
dence that  the  cell  inclusions  were  the  cause  of  trachoma,  and  Leber’s 
observation  that  quinine  destroyed  these  inclusions,  but  did  not  in- 
fluence the  disease,  strengthened  the  conclusion.  Experiments  had 
shown  that  quinine  had  no  influence  upon  trachoma.  See,  also, 
Quinin  amblyopia. 

Quinin  amblyopia.  Quinin  blindness.  Quinin  amaurosis.  Am- 
blyopia FROM  CINCHONISM,  Partial  or  complete  blindness  due 
to  general  poisoning  by  quinin  or  other  derivatives  of  cin- 
chona bark.  "While  this  condition  is  called  quinin-blindness, 
it  may  be  caused  by  any  of  the  alkaloids  found  in  cinchona  or  may 
result  from  a large  dose  of  the  tincture  of  the  bark.  The  sulphate  and 
bisulphate  of  quinin  are  more  active  than  other  salts.  Owing  to  the 
fact  that  in  most  of  the  cases  the  patients  were  suffering  from  gen- 
eral diseases — such  as  malaria,  syphilis,  meningitis,  pneumonia,  ty- 
phoid fever,  gastro-enteritis,  etc. — it  has  been  doubted  that  the  blind- 
ness was  due  to  the  ingestion  of  quinin.  On  the  other  hand,  the 
exact  clinical  picture  of  quinin-amaurosis  can  be  produced  in  dogs. 

The  dose  causing  blindness  has  varied  from  15  grains  to  1 ounce  in 
twenty-four  hours.  Occasionally  temporary  blindness  has  appeared 
after  the  administration  of  15  grains  in  divided  doses  in  twenty-four 
hours.  Of  69  cases  gathered  from  literature  by  de  Schweinitz,  42 
were  males,  20  females,  and  in  7 the  sex  was  not  given.  The  ages 
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varied  from  3 to  65  years.  Thirty-four  were  under  40  years  of  age. 
Oue  case  is  recorded  in  which  a negro  became  blind  from  quinin. 

The  symptoms  of  quinin-amaurosis  are:  1.  Total  blindness  fol- 
lowing the  ingestion  of  large  quantities  of  quinin.  2.  Contraction 
of  the  visual  fields.  3.  Marked  contraction  of  the  retinal  blood- 
vessels. 4.  Pallor  of  the  optic  discs. 

The  pupils  are  widely  dilated  and  do  not  contract  on  exposure  to 
light;  but,  according  to  some  observers,  they  contract  to  a slight  ex- 
tent on  accommodative  effort.  This  was  true  of  a patient  seen  by 
the  author.  Erythropsia  has  been  observed  in  one  case. 

To  explain  the  occurrence  of  this  type  of  amaurosis  we  must  look 
to  the  vasomotor  system.  In  dogs  poisoned  by  quinin  de  Schweinitz 
found  thickening  and  changes  in  the  walls  of  the  optic-nerve  vessels 
(endovasculitis),  thrombosis  of  the  central  artery  with  organization 
of  the  clot,  and  complete  atrophy  of  the  visual  tracts.  Holden  has 
shown  that  the  toxic  effect  is  exerted  primarily  upon  the  ganglion- 
cells  of  the  retina. 

Quinin  amaurosis  might  be  mistaken  for  embolism  or  thrombosis  of 
the  retinal  vessels.  These  affections  are  unilateral,  while  quinin- 
amaurosis  is  almost  always  bilateral. 

Prognosis  is  favorable  so  far  as  the  restoration  of  central  vision 
is  concerned.  In  grave  cases  the  visual  field  is  not  restored  in  its 
entirety.  In  one  instance  the  patient  was  practically  blind  two  years 
after  the  administration  of  quinin,  vision  in  the  better  eye  being 
equal  to  perception  of  movements  of  the  hand  at  six  feet.  It  is  prob- 
able that  other  cases  equally  unfortunate  have  occurred,  but  have 
not  been  reported. 

In  treatment  the  drug  should  be  discontinued.  The  patient  should 
be  placed  in  the  recumbent  position.  He  should  be  fed  with  luitri- 
tious  substances,  such  as  beef-broth,  soups,  etc.  Inhalations  of  ni- 
trite of  amyl  can  be  cautiously  tried.  Strychnin  should  be  used  by 
the  mouth  or  hypodermically. — (J.  M.  B.) 

The  following  abstracts  from  the  literature  to  date  (1919)  further 
exemplify  the  various  aspects  of  this  subject. 

Seeligsohn  {Berlin.  Min.  Woch.,  ix,  1907)  reports  the  ease  of  a 
delicate,  anemic  woman,  aged  36,  who  was  in  the  habit  of  taking 
from  one-half  to  one  gram  of  quinin  for  nervous  headaches.  After 
u.sing  6 gram.s  within  three  days,  of  which  3 grams  were  taken  on  the 
last  day,  the  patient  experienced,  the  next  morning  on  rising,  in- 
tense tinnitus,  vertigo,  tremor,  and  was  totally  blind  and  deaf.  While 
the  hearing  returned  after  24  hours,  only  a slight  perception  of  light 
was  first  noticeable  10  days  later,  and  vision  was  not  restored  com- 
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pletely  until  after  two  months.  The  pupils  showed  maximal  dilata- 
tion. The  fundus  presented  the  aspect  of  embolism  of  the  central 
retinal  artery,  diffuse  whitish  opacity  of  the  retina,  red  spots  at  the 
macula,  narrowing  of  the  blood-vessels,  indistinct  borders  of  the  discs. 
Gradually  the  discs  became  pale,  and  finally  atrophic,  the  blood-ves- 
sels had  whitish  sheaths,  the  blood  column  was  very  much  attenuated, 
while  others  were  obliterated  and  transformed  into  white  streaks. 

After  three  years  the  choroidal  vessels  appeared  sclerotic.  The 
visual  field  was  concentrically  contracted  and  formed  a horizontal 
fissure.  It  beame  normal  for  white  after  two  months,  whereas  the 
distinction  of  colors  was  permanently  impaired.  The  pupillary  re- 
action to  light  and  on  convergence,  at  first  abolished,  became  gradu- 
ally normal,  but  again  decreased  within  the  last  year. 

Although  the  rabbit's  eye  is  quite  unlike  the  human  organ  and 
laboratory  experiments  on  the  former  afford  little  practical  informa- 
tion so  far  as  human  pathology  is  concerned,  it  is  as  well  to  con- 
sider a few  of  these.  For  example,  Emil  Behse  (Graefe’s  Archiv 
fur  Ophthal.,  70,  2,  1909 ; review  in  the  Oph.  Review,  p.  301,  Oct., 
1909)  conducted  a series  of  experiments  on  rabbits,  injecting  sub- 
cutaneously a solution  of  quinin  bichloride.  The  fundus  was  exam- 
ined by  means  of  Schulter’s  ophthalmoscope. 

In  most  cases  the  usual  pallor  of  the  disc  and  narrowing  of  the 
vessels,  especially  the  arteries,  were  readily  induced;  but  consider- 
able differences  were  observed  in  the  dosage  of  the  drug  necessary 
to  produce  these  changes  in  different  animals  of  apparently  similar 
character.  This  corresponds  with  the  fact  of  idiosyncrasy  observed 
in  the  human  subject.  Details  are  given  of  the  microscopic  examina- 
tion of  the  eyes  obtained  from  the  animals  treated.  Briefly,  it  was 
found  that  when  clinically  the  contracted  arteries  recovered  their 
normal  calibre  no  organic  changes  were  noted  on  microscopic  exam- 
ination. In  other  cases  with  persistent  contraction  of  the  vessels, 
this  was  found  to  be  the  result  of  spastic  contraction.  In  the  sever- 
est cases  there  were  actual  changes  in  the  vessel  walls  involving  an 3^ 
or  all  of  the  coats,  thromboses  (especially  in  the  central  artery  where 
it  entered  the  stem  of  the  optic  nerve),  and  chromatolysis  of  the 
ganglion  cells  and  the  cells  of  the  inner  nuclear  layer. 

The  author  believes  that  the  poison  acts  first  on  the  vessels  di- 
rectljq  producing  a spastic  contraction.  This  may  pass  off  with 
more  or  less  complete  recovery  of  function,  or  it  may  persist  and  lead 
to  actual  organic  changes  in  the  vessel  walls. 

He  is  not  prepared  to  express  an  opinion  as  to  whether  the  changes 
in  the  retinal  cells  result  from  a direct  toxic  effect  or  from  malnutri- 
tion secondary  to  the  vessel  changes. 
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Cai'gill  (Ophthnl.  Review,  p.  91,  March,  1909)  reports  E.  M.,  fe- 
male, aged  28,  whose  sight  liad  failed  9 months  previously  after  tak- 
ing oi  of  quinine  sulphate;  it  was  accompanied  by  severe  tinnitus, 
deafness,  and  giddiness.  The  vision  gradually  improved  to  6/9  in 
one  eye  and  6/12  in  the  other.  The  irides  acted  to  central  illumina- 
tion only,  the  discs  were  pale,  and  the  vessels  small. 

Carl  Williams’s  {Oph.  Year-Book,  p.  249,  1909)  case  of  quinin 
amaurosis  occurred  in  a young  woman,  who  took  80  grains  of  quinin, 
which  caused  stupor,  nausea,  vomiting  and  blindness.  Vision  gradu- 
ally returned,  and  two  years  later  was  6/9  in  each  eye;  marked  con- 
traction of  the  visual  fields;  light-sense  reduced  to  3/10  (de  Wecker’s 
scale)  in  each  eye;  the  discs  were  gray  and  the  retinal  vessels  small. 

A case  of  blindness,  following  the  ingestion  of  a large  dose  of 
quinin,  in  a patient  aged  40  years,  is  reported  by  de  Schweinitz 
{Prac.  Med.  Series,  Eye,  p.  11,  1908).  The  exact  amount  of  the 
quinin  taken  is  not  known.  The  patient  presented  the  usual  symp- 
toms and  signs  of  quinin  blindness ; blindness  of  sudden  develop- 
ment and  absolute  in  character  during  its  existence;  gradual  restora- 
tion of  central  vision;  slow  renewal  of  central  color-sense,  with  ulti- 
mate return ; permanent  reduction  of  light-sense  and  contraction  of 
the  visual  field ; extreme  pallor,  also  permanent,  of  the  optic  discs  and 
marked  contraction  of  the  retinal  vessels.  The  visual  fields  were 
elliptically  contracted  with  the  longest  axis  in  the  horizontal  direc- 
tion. In  the  writer’s  case  the  visual  fields  showed  an  exceptional  con- 
dition in  that  there  were  areas  of  preserved  visual  field  in  the  form 
of  islands  in  which  the  perception  of  white  was  retained. 

de  Schweinitz  confirmed  Schwalbe  s observation  that  caffein  ad- 
ministered during  a quinin  amaurosis  will  further  contract  the  vis- 
ual field.  One  hundred  and  twenty  grains  of  citrate  of  caffein  were 
given  the  patient  during  eight  days,  with  the  result  that  the  visual 
fields  were  reduced  five  degrees  in  all  meridians. 

A typical  example  of  quinin  amblyopia  is  described  by  D.  N.  Mano- 
lescu  (Klin.  Monatshl.  f.  Augenheilk.,  Sept.,  1911).  A woman,  aged 
30,  took  about  13  gi-arns  of  sulphate  of  quinin,  mo.st  likely  to  pro- 
duce miscarriage.  After  fifteen  minutes  she  had  violent  headache, 
vertigo  and  tinnitus,  and  she  vomited  and  lost  consciousness.  A 
j)hysician,  hurriedly  called,  made  injections  of  caffein.  After  two 
hoiirs  she  regained  consciousness,  but  her  sight  and  hearing  were  en- 
tirely lost.  On  the  second  day  hearing  was  partially  restored.  At 
the  examination  on  the  third  day  vision  was  nil,  the  perception  of 
light  was  very  much  diminished,  both  pupils  were  fully  dilated  and 
immovable,  the  fundus  was  anemic  and  yellowish-red.  the  retina  was 


10824 


QUININ  AMBLYOPIA 


slightly  opaque,  the  discs  were  pale  and  yellowish-red,  the  borders 
hazy,  especially  at  the  temporal  region,  the  veins  enlarged,  and  the 
arteries,  as  thin  as  threads,  could  be  traced  only  as  far  as  twice  the 
diameter  of  the  disc.  The  treatment  consisted  of  milk  diet,  laxatives 
and  injections  of  strychnin  into  the  temple.  Central  vision  returned 
in  8 days ; V = I in  left  eye  in  2 weeks. 

This  course  of  the  disease  was  in  conformity  with  the  majority  of 
eases;  the  visual  field  for  white  gradually  expanded  within  a. year 
from  a considerable  concentric  contraction  to  its  normal  dimen- 
sions, but  remained  narrower  for  colors;  the  peculiar  fact  was  that 
the  area  for  blue  remained  smaller  than  that  for  red.  In  most  other 
observations  the  restoration  of  the  visual  field  occurred  within  a year, 
sometimes  later.  In  almost  all  cases  total  achromatopsia  existed  for 
a few  days.  In  the  author’s  case  color  perception  was  restored  after 
12  days. 

The  objective  symptoms  of  quinin  amblyopia  may,  according  to 
the  author,  be  divided  into  constant  and  inconstant.  The  constant 
symptoms  in  almost  all  cases  are : maximal  mydriasis  in  the  first  days 
of  the  intoxication,  immobility  of  the  pupils  to  light,  anemia  of  the 
retina  (which  assumes  an  opaque,  yellowish  color)  discoloration  of  the 
discs  (which  appear  atrophic),  and  enormous  narrowing  of  the  ves- 
sels, especially  of  the  arteries. 

The  pupils,  in  the  ease  mentioned,  commenced  to  react  to  light  on 
the  ninth  day  and  were  normal  after  a year.  The  veins,  at  fii-st 
dilated,  soon  regained  their  normal  width. 

The  prognosis  of  acute  quinin  intoxication  is  relatively  good,  as  all 
disturbances  disappear,  excepting  the  contraction  of  the  visual  field 
for  colors,  the  attenuation  of  the  arteries  and  the  relative  discolora- 
tion of  the  discs. 

Manolescu  enumerates  the  different  kinds  of  treatment  and  be- 
lieves that  none  is  of  any  avail.  As  a prophylactic  measure,  how- 
ever, the  medicinal  use  of  quinin  and  other  poisons  with  a specific 
action  on  the  optic  nerve  (as  alcohol,  nicotine,  etc.)  must  be  borne 
in  mind  in  such  patients,  as  experience  shows  that  their  eyes  are  sen- 
sitive to  doses  smaller  than  those  which  were  formerlv  without  in- 
jurious effect. 

Desiderio  {Year-Book,  p.  263,  1912)  reported  the  history  of  a pa- 
tient who  had  taken  300  grains  of  quinin  with  suicidal  intent.  On 
the  evening  of  the  same  day  there  was  no  light  perception.  The  discs 
were  swollen,  and  the  retinal  vessels  greatly  narrowed.  The  retina 
was  edematous  with  a cherry-red  spot  at  the  macula.  In  two  weeks’ 
time  visual  acuity  was  normal.  The  fields  remained  greatly  con- 
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tracted  for  over  a month,  but  the  field  for  white  finally  reached  30° 
up  and  35°  down  and  in,  and  80°  out.  Tyson,  in  another  case  of 
quinin  amblyopia,  also  notes  the  excellent  central  vision  with  fundi 
presenting  apparently  total  atrophy  of  the  optic  nerve.  Other  points 
of  interest  in  this  instance  were,  the  course  of  the  disturbance — total 
loss  of  vision  being  followed  by  late  secondary  improvement  of  both 
central  and  peripheral  vision,  especially  toward  the  nasal  side;  scle- 
rosis of  the  retinal  vessels,  islands  of  vision  appearing  in  parts  of 
the  field  which  later  widened  so  as  to  absorb  them;  the  color  field 
improved  but  slightly. 

Keiper’s  {Ophthal.  Record,  Oct.,  1911)  patient  was  a man  75  years 
of  age.  Following  a spree  he  took  120  grains  of  quinin  at  night  and 
was  totally  blind  the  next  morning.  One  week  later  vision  = 20/200. 
The  fields  were  contracted  50  per  cent.  The  usual  fundus  picture 
was  present  with  an  area  of  retinitis  below  the  disc  in  the  left  eye. 
Six  months  later  vision  was  much  improved.  Keiper  considers  the 
age  of  the  man  specially  noteworthy.  Welton  saw  a man  of  31,  who 
took  55  grains  of  quinin  and  one  quart  of  whiskey  for  “grippe.”  He 
awoke  with  hazy  vision,  and  three  weeks  later  showed  atrophic  pal- 
lor of  the  disks,  greatly  contracted  vessels,  and  narrowed  fields  of 
vision. 

A.  T.  Kulebiakin  (Westn.  Oft.,  Oct.  19,  1911;  review  by  R.  Kaz) 
reports  three  cases  of  quinin  poisoning,  in  one  of  which  6.5  grm.,  in 
another  10  grm.  and  in  a third  a tablespoonful  of  quinin  was  taken. 
In  two  of  these  cases  the  dose  was  employed  for  the  purpose  of  pro- 
ducing abortion  and  in  the  third  it  was  mistaken  for  soda.  In  about 
half  an  hour  the  symptoms  of  general  poisoning  appeared  and  com- 
plete blindness  developed  in  approximately  twelve  hours,  lasting  in 
the  first  case  ten  hours  and  in  the  others  two  days.  In  all  the  cases 
normal  central  vision  was  restored,  in  the  first  case  almost  imme- 
diately, in  the  second  in  one  month  and  in  the  third  after  some 
months.  As  regards  the  visual  fields,  in  the  first  case  they  were  nor- 
mal when  first  examined  but  later  on  became  somewhat  contracted, 
in  the  second  they  were  much  contracted  at  first  but  within  a month 
became  normal,  while  in  the  third  case  the  fields  were  ultimately 
contracted  down  to  5 degrees  externally  and  to  10-15  degrees  in 
other  directions.  The  fundus  presented  the  characteristic  picture 
of  quinin  atrophy,  contraction  of  the  blood-vessels  with  pallor  of 
the  optic  discs. 

The  chief  interest  of  these  cases  consists  in  the  restoration  of 
normal  central  vi.sion  irrespective  of  the  state  of  contraction  of  the 
peripheral  fields.  A similar  case  was  related  by  Kubli  at  the  Peters- 
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burg  Ophtlialmological  Society  (Wiestn.  Oft.,  p.  159,  1910),  and  an- 
other one  was  recently  observed  by  the  reviewer.  In  the  latter  case 
where  two  teaspoonfuls  of  hydrochloride  of  quinin  were  taken  by  a 
young  woman,  the  eyes  were  first  examined  at  the  end  of  the  first 
day  after  the  poisoning.  Consciousness  had  returned  some  hours 
previously,  but  the  patient  was  unable  to  hear  or  see.  There  was 
no  perception  of  light  and  the  pupils  were  dilated  and  immobile. 
The  fundus  showed  no  change.  Two  days  later  the  deafness  had 
passed  off  and  some  vision  was  restored,  although  the  patient  was 
only  able  to  walk  like  a blind  person.  The  pupil  still  remained  di- 
lated. The  fundus  now  showed  the  t}q)ical  picture  of  retinal  ische- 
mia, pale  discs,  narrowed  vessels  and  milky  opacity  of  the  posterior 
part  of  the  retina,  with  a cherry-red  spot  at  the  macula.  Central 
vision  was  normal  but  the  field  was  contracted  down  to  the  fixation 
point. 

Lawford  (Oph.  Revi&w,  p.  108,  Apr.,  1914)  reviews  an  account 
of  a case  of  quinin  amaurosis  by  Terrien  and  Aubineau  (Archives 
d’Ophtal.,  Nov.,  1913)  as  follows.  A woman,  aged  46,  took  at  one 
dose  7.50  grm.  of  sulphate  of  quinin,  in  cachets.  Three  hours  after- 
wards she  complained  of  severe  general  malaise,  and  had  hallucina- 
tions. Wlien  seen  by  a doctor  about  seven  hours  after  the  ingestion 
of  the  quinin,  she  had  a rapid,  compressible  pulse,  cold  extremities, 
gastric  pain,  vertigo,  and  deafness.  Two  days  later  coma  supervened 
and  lasted  twelve  hours ; at  its  termination  the  patient  was  completely 
deaf  and  blind;  the  pupils  were  widely  dilated,  the  corner  insensi- 
tive. On  the  following  day  hearing  returned,  but  blindness  persisted, 
with  wide,  immobile  pupils. 

On  January  20,  1913,  the  patient  was  seen  by  Aubineau,  but  there 
is  no  statement  as  to  the  interval  which  had  elapsed  since  the  quinin 
was  taken.  At  this  date  the  pupils  were  equal,  widely  dilated,  and 
immobile.  There  was  no  p.l. ; patient  could  not  recognize  the  position 
of  a window,  although  she  said  that  she  occasionally  perceived  the 
shadows  of  moving  people.  Ophthalmoscopic  appearances  similar  in 
the  two  eyes.  Retina  hazy,  and  of  a yellowish  tint.  No  special 
changes  at  the  macula.  Margins  of  the  disc  obliterated ; at  this  point 
the  blood-vessels  best  showing  slight  elevation  of  the  papilla;  vessels 
threadlike,  and  veins  and  arteries  could  not  be  differentiated. 

Since  the  beginning  of  February  vision  had  begun  to  improve,  al- 
though slightly.  The  patient  said  that  sunlight  appeared  to  her 
pale  and  more  like  moonlight;  she  also  stated  that  though  she  had 
some  sight  she  was  unable  to  guide  herself  even  in  her  room.  At  this 
date  pupils  were  equal,  5-6  ram,  ip  diameter  reacting  to  light,  and 
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in  the  left  eye  to  accommodation.  V.  R.  = 1/40;  L.  = 1/3,  and 
No.  2 of  de  Wecker’s  types.  Visual  fields:  R.  contracted  to  the 
10°  circle  all  around;  L.  30°  outwards;  20°  inwards;  10°  above  and 
below.  Color  vision  very  defective  in  the  right  eye;  in  the  left,  col- 
ors -well  recognized,  and  no  central  scotoma  present. 

Ophthalmoscopically,  the  R.  papilla  sharply  defined,  and  not  atro- 
phic in  appearance;  surrounded  by  a narrow,  grey  band.  Retinal 
vessels  diminished.  The  artery  passing  below  the  macula  appears 
as  a white  line  from  the  disc  outwards.  At  the  macula  is  a whitish, 
roughly  circular  patch  about  the  same  diameter  as  the  disc.  This 
patch  shows  in  its  central  part  numerous  punctate  hemorrhages.  L. 
papilla  presents  the  same  appearance  and  surroundings;  the  artery, 
which  passes  upwards  and  outwards,  appears  as  a white  cord  from 
the  disc  as  far  as  the  macula,  but  beyond  that  it  shows  a narrow  blood- 
stream. At  the  macula  is  a dark,  oval  patch. 

March  11,  1913.  Pupils  widely  dilated,  R.  more  than  L.  Light 
reflex  abolished  on  the  right  side,  but  present  on  the  left.  Both 
pupils  react  to  accommodation.  V.  R.  = 1/20  barely;  L.  = 1/2. 
Visual  field  greatly  contracted  on  both  sides  for  wliite:  color  fields 
could  not  be  mapped.  Ophthalmoscopically  the  papillfe  are  white 
with  appearances  of  postneuritic  atrophy.  Arteries  filiform,  much 
narrower  than  the  veins,  although  the  latter  are  constricted.  In  the 
right  eye  they  are  bordered  in  places  by  white  lines  of  periarteritis. 
In  the  left  the  appearances  are  almost  identical,  but  the  arteries  are 
alone  much  narrowed,  and  are  less  sclerosed.  Visual  acuity  improved 
steadily  in  the  L.  until  on  March  31st  it  was  equal  to  0.8.  In  the 
right  eye  it  diminished  until  the  patient  could  barely  distinguish 
figures  at  a few  centimetres.  The  visual  fields  for  white  on  March 
20th  were  much  contracted,  the  R.  not  exceeding  the  10°  limit,  while 
the  L.  was  bounded  by  10°  on  the  nasal  side,  20°  above  and  below, 
and  30°  outwards.  The  fields  for  colors  could  not  be  mapped.  Even 
in  bright  daylight  yellow,  green,  blue  and  red  all  appeared  to  the 
patient  uniformly  grey  during  the  first  few  seconds.  After  six  or 
eight  seconds  red  became  slightly  recognizable,  but  the  other  colors 
could  not  be  distinguished,  and  a diminution  of  the  light  at  once 
caused  the  red  to  disappear.  There  was  no  central  scotoma.  Patient 
was  not  seen  by  the  authors  after  May  31st,  but  a report  from  her 
sister  gave  the  information  that  from  the  month  of  June  the  patient 
became  almost  completely  blind;  she  could  only  see  shadows;  but 
was  unable  to  distinguish  individuals,  or  to  tell  a man  from  a woman. 

W.  E.  Shahan  (Am.  Jour,  of  Ophthalm.,  May,  1916)  gives  an  ac- 
count of  a woman,  aged  28  years,  who  had  been  given  1 oz.  of  quinin 
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and  an  equal  amount  of  ergot,  in  divided  doses,  during  six  hours  of 
labor.  On  the  following  day  the  patient  was  found  to  be  blind  and 
deaf.  Seventeen  days  afterwards  the  patient’s  pupils  were  elliptical 
in  outline,  but  responded  promptly  to  light.  V.  = perception  of  light 
over  the  centre  of  the  field;  retinal  vessels  very  small,  especially  the 
arteries,  which  appeared  as  fine,  silvery  threads  over  the  surface  of 
the  optic  disc.  The  patient  was  treated  by  inhalations  of  amyl  ni- 
trite. Six  weeks  later  her  sight  was  R.  E.  20/15;  L.  E.  20/60.  Discs 
pale;  retinal  vessels  small;  total  blue-gi-een  blindness.  The  condi- 
tion noted  some  nine  months  after  she  was  first  seen,  was  R.  V. 
20/15.  L.  V.  20/38.  The  patient  was  unable  to  read  ordinary 
print;  fields  much  contracted. 

Georges  Porte  {Reviie  Med.  de  la  Suisse  Ram.,  Mar.  20,  1916;  re- 
view by  Sydney  Stephenson  in  Ophthalmoscope,  p.  422,  Aug.,  1916) 
reports  an  unusual  [small  dose  of  the  poison,  followed  by  complete 
recovery]  case  of  quinin  amaurosis  in  an  anemic  woman,  aged  23 
years,  who  took  one  gi-amme  of  quinin  upon  October  7th,  and  upon 
October  9th  two  more  grammes  of  the  remedy.  On  the  last-named 
date,  after  the  second  dose  of  medicament,  she  experienced  headache 
and  complained  of  buzzing  in  the  ears.  Shortly  after  the  third  dose, 
the  patient  became  deaf.  Her  hands  trembled  a little.  When  she 
went  to  bed  at  11 :30  p.  m.  she  could  not  see  clearly,  a symptom  to 
which  she  attached  but  little  importance  at  the  moment.  A medical 
man,  who  was  summoned  shortly  afterwards,  found,  however,  that 
sight  was  completely  lost. 

When  examined  by  Porte,  on  the  morning  of  October  10th,  the 
patient  was  pale,  extremely  depressed,  and  called  upon  death  to  re- 
lieve her  from  her  misfortunes.  The  pupils  were  fully  dilated  and 
motionless.  No  perception  of  light.  Marked  pallor  of  the  optic  discs, 
retina,  and  choroid.  The  retinal  vessels  were  much  contracted  and 
altogether  invisible  in  the  peripheral  parts  of  the  fundi.  The  fovea 
centralis  stood  out  as  a small,  rounded,  red  spot,  similar  to  that  seen 
in  embolism  of  the  central  artery  of  the  retina.  A soft,  systolic  mur- 
mur, thought  to  be  hemic,  was  present  and  most  marked  at  the  apex 
of  the  heart. 

Treatment  included  rest  in  bed  in  a darkened  room,  purgatives, 
and  diaphoretics,  together  with  milk  diet  and  a decoction  of  herbs 
(tisane).  Locally,  half  a centimetre  of  sodium  chloride  with  a little 
dionin  added  was  injected  beneath  the  conjunctiva.  On  the  same 
evening  the  patient  could  occasionally  perceive  the  light  of  the  lamp. 
Next  day  (October  11th)  the  pupils  were  dilated  and  immobile.  The 
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retina  was  of  a more  normal  color,  and  the  red  spot  at  the  fovea  was 
less  pronounced.  Vision  = 0.6,  but  the  field  of  vision  did  not  ex- 
tend farther  than  ten  degrees  from  the  fixation  point.  Colors  were 
recognized  at  the  fixation  spot.  On  trying  to  get  up,  the  patient 
suffered  from  giddiness  and  groped  like  a blind  person.  Trini- 
trine  was  prescribed.  On  the  following  day  (October  12th),  the 
patient  was  able  to  read  a post-card  that  she  had  received.  On  Oc- 
tober 14th  the  pupils  were  noticed  to  react  to  light,  and  on  the  fol- 
lowing day,  the  visual  fields  extended  from  25  degrees  to  30  degrees 
from  the  fixation  pO'int.  A couple  of  days  later  (October  17th),  the 
patient  was  able  to  guide  herself  during  the  day,  but  at  night  showed 
signs  of  hemeralopia.  On  October  25th,  central  and  peripheral  vision, 
both  for  white  and  for  colors,  were  normal.  When  seen  eighty  days 
after  this  last  note,  nothing  was  found  amiss  with  the  eyes,  excepting 
a slight  contraction  of  the  retinal  arteries.  The  cardiac  murmur  had 
disappeared. 

Major  A.  Kirkpatrick  {Ophthalmoscope,  p.  420,  Aug.,  1916)  gives 
an  account  of  quinin  poisoning  with  accompanying  amblyopia.  The 
patient,  a woman  aged  30,  took,  eleven  months  previously,  about 
half  an  ounce  of  quinin  sulphate  in  mistake  for  Epsom  salts.  She 
is  said  to  have  lost  consciousness  shortly  after,  and  to  have  remained 
in  that  condition  for  three  hours.  She  did  not  fully  come  round  till 
fifteen  hours  had  elapsed,  and  was  then  found  to  be  completely  blind 
and  almost  completely  deaf.  Her  hearing  was  recovered  after  three 
days,  and  her  sight  gradually  improved  until  at  the  end  of  three 
months  she  was  able  to  read  small  type  but  was  still  blind  at  night. 

Seven  months  after  the  quinin  was  taken,_  her  sight  began  to  fail 
again,  and  in  September,  1913  (four  months  after  the  secondary 
failure  had  commenced)  the  vision  in  each  eye  was  reduced  to  light 
perception. 

On  examination,  the  right  pupil  was  semi-dilated  and  reacted  very 
sluggishly,  and  the  left  pupil  was  dilated  and  inactive.  Both  nerve 
heads  were  very  white,  the  left  being  especially  so.  Atrophic  cup- 
ping was  not  apparent.  The  superior  nasal  artery  of  the  left  eye 
was  much  thickened  and  almost  obliterated,  whilst  overlying  it,  as 
it  crossed  the  nerve  edge,  was  seen  a mass  of  hyaline,  shaped  like  a 
cumulus  cloud,  and  about  one-twelfth  the  disc  in  size.  Similar 
changes  were  seen  in  the  right  eye,  but  here  it  was  the  inferior  nasal 
artery  that  was  affected  and  the  hyaline  was  not  quite  so  large.  Be- 
yond the  retinal  vessels  appearing  somewhat  unduly  small,  no  other 
abnormality  was  observed. 
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She  was  advised  intramuscular  injections  of  strychnine  with 
cyanide  of  mercury,  inhalations  of  amyl  nitrite,  and  to  induce  hype- 
remia by  means  of  a Bier 's  suction  glass. 

The  treatment  was  carried  out  for  about  three  months  without 
any  great  benefit,  but  vision  had  since  considerably  improved  and 
the  patient  was  able  to  walk  about  freely  by  herself  and  able  even  to 
read  large  type. 

Louis  Levy  {Jour.  Texas  Staie  Med.  Ass’n.,  Nov.,  1916)  reports 
the  case  of  an  adult  man  who  took  almost  a half  ounce  of  quinine 
in  mistake  for  Epsom  salts.  He  first  noticed  blindness  about  three 
o’clock  the  next  morning.  For  three  days  he  could  see  absolutely 
nothing,  not  even  light.  After  this,  vision  gradually  returned  until 
he  was  seeing  very  well,  although  everything  looked  smoky.  Later, 
vision  again  failed  until  he  had  perception  of  light.  Upon  examina- 
tion Levy  found  dilated  pupils,  which  did  not  react  to  light.  The 
ophthalmic  findings  at  the  same  time  were  as  follows:  Both  discs 
very  pale,  vessels  small,  with  colloid  excrescences  found  in  elderly 
people.  The  man  was  given  the  following  treatment:  strychnine, 
1-30  gr.  t.  i.  d.,  amyl  nitrite  inhalations  and  general  elimination. 
Later,  the  blood-vessels  seemed  larger  and  the  discs  not  so  pale. 
Vision,  however,  still  remained  the  same. 

John  E.  Weeks  {Trwns.  Am.  Oph.  Soc.,  p.  593,  1916  j review  in  the 
Ophthalmoscope,  p.  179,  Mar.,  1916)  reports  the  occurrence  of  am- 
blyopia in  a lady,  aged  51  years,  who  received  about  315  grains  of 
quinin  hydrochloride  per  rectum,  and  although  some  of  the  liquid 
escaped  during  the  injection,  it  was  thought  that  about  one-half  of 
the  quinin  was  retained.  Fourteen  and  a half  hours  afterwards, 
the  patient  was  found  to  be  blind,  with  dilated  pupils.  There  were 
complaints  of  tinnitus  and  deafness.  When  examined  by  Weeks 
twenty  houre  after  the  injection  of  the  quinin,  the  vision  and  pupils 
were  as  noted.  The  optic  discs  were  very  pale  and  the  retinal  ves- 
sels possessed  about  two-thirds  their  normal  dimensions.  The  retina 
was  edematous  and  pale  throughout,  except  at  the  macula.  The 
treatment  included  repeated  high,  copious,  saline  enemata;  glonoin, 
1/100  grain  every  three  hours;  strychnine,  1/40  grain,  three  times 
a day. 

On  the  following  day,  the  patient  could  distinguish  a bright  light , 
24  hours  later,  she  could  see  hand-movements;  and  on  the  third  day, 
could  count  fingers  at  4 inches.  Seven  days  after  the  sight  had 
failed,  it  was  found  that  the  field  of  the  right  eye  fell  everywhere 
within  the  10°  circle,  except  on  the  temporal  side  where  it  extended 
to  about  24°,  whereas  that  of  the  left  eye  was  confined  to  the  15° 
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circle.  Ten  days  after  the  failure  of  sight,  V.  20/30  — ,,  and  on 
the  following  day  the  lumen  of  the  retinal  arteries  was  found  to 
have  become  irregular  and  the  vessel  walls  thickened.  Improvement 
in  these  respects  followed  the  administration  of  catfein,  2 grains, 
in  addition  to  the  glonoin  and  strychnine.  Forty  days  after  the 
onset  of  the  amblyopia,  the  light  perception,  as  tested  by  Snellen’s 
photometric  letters,  was  75  per  cent.  About  a month  later, 
Parinaud’s  photometric  bars  indicated  a light  perception  of  80  per 
cent.  V.  = 20/20 — . The  optic  discs  presented  about  two-thirds 
normal  capillarity.  The  retinal  arteries  had  about  one-half  their 
natural  size,  while  the  veins  were  but  slightly  narrowed.  The  fields 
for  white  were  still  concentrically  contracted,  but  approaching  their 
normal  limits.  Field  for  red  very  small.  Reduction  in  the  light 
sense  was  believed  by  Weeks  to  account  for  the  patient’s  constant 
complaint  that  she  could  not  see  the  light,  even  although  vision  had 
become  practically  normal. 

A second  case  is  of  a girl  of  16  years  who  was  treated  for  pneu- 
monia by  the  administration  in  all  of  2 grammes  of  optoquin,  spread 
over  36  hours.  Four  hours  after  the  last  dose,  the  girl  complained 
that  she  could  not  see.  Six  days  later,  she  began  to  distinguish  light, 
and  in  six  weeks’  time,  V.  = 20/30.  Forty-four  days  after  the  onset 
of  the  mischief,  she  was  first  examined  by  Weeks.  V.  =20/30. 
Optic  discs  paler  than  normal,  but  not  markedly  so.  Retinal  arteries 
reduced  to  about  one-half  their  usual  size.  Walls  of  the  retinal 
blood  vessels  thickened.  Fields:  R.  E.  above,  20°;  below,  15°; 
nasally,  20° ; temporally,  35°.  L.  E.  above,  25°  ; below,  25°  ; nasally, 
20° ; temporally,  35°.  The  white  fields,  estimated  about  two  months 
after  the  optoquin  had  been  taken,  showed  loss  of  most  of  the  lower 
halves,  more  pronounced  twelve  weeks  later,  when  V.  = 20/30  . 

Color  vision  “very  indefinite.”  Light  perception  about  80  per  cent. 

Weeks  also  furnishes  a supplementary  report  of  a case  published 
in  1881  by  the  late  H.  Knapp  {Archives  of  Ophthalmology,  Vol.  X, 
1881,  p.  220).  Briefiy,  loss  of  vision  followed  the  administration  of 
quinin  by  the  rectum  and  the  mouth.  The  patient  was  seen  by  Knapp 
almost  a year  after  these  occurrences.  V.  was  20/20,  and  color  per- 
ception was  normal.  But  the  optic  discs  were  white,  the  retinal  ar- 
teries very  small,  and  there  was  a moderate  concentric  contraction  of 
the  visual  field  in  each  eye.  Two  years  later,  quinin  was  again  given, 
and  again  the  child  developed  amblyopia  and  became  green-blind. 
The  fields  were  much  contracted.  She  lost  her  green-blindness,  and 
recovered  V.  of  20/30.  The  optic  discs,  however,  remained  white, 
the  retinal  vessels  small,  and  the  fields  contracted. 
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The  condition,  when  the  patient  was  examined  by  Weeks,  some 
thirty-eight  years  after,  was  as  follows. — R.  V.  20/30,  L.  V.  20/40. 
Vertical  nystagmus.  The  optic  discs  were  almost  chalky-white,  and 
the  blood-vessels  few  in  number  and  reduced  in  size.  The  fields  of 
vision  showed  concentric  contraction  for  white  and  for  colors. 

A remarkable  case  of  qwinin  amblyopia  from  rectal  administra- 
tion is  reported  by  C.  S.  G.  Nagel  (Am..  Jour,  of  OphtK.,  p.  54,  1919). 
The  history  is  as  follows:  On  July  18,  1918,  Mrs.  G.  H.,  sst. 
60,  after  an  operation  received  an  enema  of  unknown  character  for 
heart  failure,  after  which  she  became  unconscious  for  about  thirty 
hours;  and  thereafter  found  herself  totally  blind  for  a month.  She 
then  began  gradually  to  improve  for  several  months,  but  had  appar- 
ently made  no  fui’ther  progress  during  the  last  few  months.  Both 
the  patient  and  her  husband  stated  that  according  to  current  rumor 
a mistake  in  regard  to  the  enema  had  been  made. 

Examination  showed  R.  Hm.  -f  0.75  = 0.8 ; L.  Hm.  -j-  0.25  = 0.6 
with  -|-  3,  Snellen  1 with  some  difiSculty.  Visual  fields  contracted 
concentrically,  close  to  point  of  fixation,  except  that  in  the  left  up- 
per quadrant  of  each  field  there  was  a normal  roundish  area  for 
white,  and  aU  colors  to  a maximum  extent  of  25°  right.  The  fundus 
in  both  showed  retinal  arteries  as  well  as  veins  very  narrow,  with 
absolutely  white  sheathing,  more  particularly  of  the  arteries  (thick- 
ening of  walls).  Both  discs  were  of  extreme  pallor  and  sharply- 
defined.  Macula  normal.  The  diagnosis  of  quinin  amblyopia  was 
made,  with  just  a possible  alternative  of  embolism  of  both  central 
arteries  (of  which — simultaneously  bilateral — there  are  four  cases 
now  on  record),  or  rather  remotely,  ischemia  retinje  from  loss  of 
blood.  After  five  weeks  of  strychnin  treatment,  vision  had  improved 
to  0.9  and  kept  the  same  under  same  treatment  up  to  the  beginning 
of  November.  Visual  fields  had  remained  about  stationary. 

For  the  prevention  of  “post  operative  gas  pains”  the  surgeon  had 
ordered  5 grains  of  quinin  hydrochlorid  per  enema,  every  four  hours. 
After  30  grains  (some  always  being  lost,  he  figures  on  an  actual 
intake  of  25  grains)  patient  showed  signs  of  failing  heart.  This  was 
not  attributed  especially  to  the  drug.  However,  the  order  was 
changed  to  every  twelve  hours.  Instead  the  nurse  administered  the 
clysma  every  two  hours.  After  60  grains  in  all,  the  general  condi- 
tion of  the  patient  becoming  alarming  (weak  pulse,  etc.)  the  drug 
was  stopped.  Loss  of  consciousness  and  blindness  following,  as  1*6- 
lated  by  the  patient.  No  eye  examination  was  made  at  any  time 
during  seven  months. 

The  most  recent,  complete  and  practical  monograph  on  the  sub- 
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ject  of  cinchonism  with  amblyopia  and  amaurosis  is  comprised  in  the 
series  of  papers  by  R.  II.  Elliott  {Am..  Joumial  of  Ophthalm.,  be^gin- 
ning  with  the  August  No.,  1918).  See,  also.  Toxic  amblyopia. 

Quindecagon.  A plane  figure  of  fifteen  sides  and  angles. 

Quincke’s  disease.  Angioneurotic  edema.  Giant  urticaria;  edema- 
tous form  of  urticaria.  See,  also.  Orbit,  Edema  of  the,  p.  9115, 
Vol.  XII  of  this  Encyclopedia. 

Mazza  {Prac.  Me-d.  Series,  Eye,  p.  45,  1907)  reports  three  of  these 
curious  cases.  The  first  case  was  a woman,  45  years  old,  who  experi- 
enced, one  night,  a swelling  of  the  left  eye  with  no  pain.  She  was 
unable  to  open  the  eye.  She  attributed  the  trouble  to  sleeping  in  a 
draught.  There  was  a true  edema  of  the  lids  and  conjunctiva.  The 
skin  of  the  lids  was  distended  without  any  alteration  of  color  or  a 
solution  of  continuity.  The  conjunctiva  showed  no  wound,  foreign 
body,  pain  or  irritative  phenomena.  Vision  was  normal.  The  pa- 
tient suffered  from  irregular  menstruation  and  had  from  time  to 
time  an  inflammation  of  the  hands  and  knees,  which  left  a pruritus. 
The  edema  promptly  disappeared  with  the  use  of  astringent  appli- 
cations and  purges. 

The  second  patient,  at  the  age  of  15  years,  following  exposure  to 
cold,  was  taken  at  night,  with  swelling  of  the  0.  D.  and  at  the  same 
time  loss  of  voice  without  pain.  The  edema  involved  the  lids  and 
conjunctiva  of  the  inferior  cul-de-sac.  There  was  no  alteration  in 
color,  no  sign  of  irritation  and  no  pain.  Purges  and  astringent  ap- 
plications were  prescribed  and  the  next  day  the  edema  had  disap- 
peared. One  month  later  the  attack  was  repeated.  At  this  time  a 
throat  specialist  found  edema  of  the  vocal  cords,  which  disappeared 
in  twenty-four  hours.  For  some  time  the  attacks  recurred  at  inter- 
vals of  four  or  five  days.  ' 

The  third  case  was  a woman,  anemic  and  constipated.  For  five  or 
six  years  she  had  been  subject  to  transient  edema  of  the  face,  which 
appeared  with  her  menstrual  periods  and  lasted  usually  twelve  to 
twenty-four  hours.  Both  lids  were  edematous.  Mazza  believes  all 
these  cases  should  come  under  the  head  of  Quincke’s  disease. 

Quinol.  See  Hydroquinone. 

Quinosol.  Chinosol.  Potassium  oxyquinolinesulphonate.  This 
agent  appears  as  yellow  crystals  with  an  astringent,  aromatic  taste 
readily  soluble  in  water.  In  1 :1000  solution  II.  V.  Wlirdemann  finds 
it  of  value  in  the  local  treatment  of  mycotic  keratitis. 

Quinquangnlaj*.  Having  five  angles. 

Quintuple,  (a)  Fivefold,  (b)  To  increase  fivefold. 

'^Quintus  Serenus.  The  son  of  Serenus  Sammonicus,  and  author  of  a 
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versified  collection  of  prescriptions,  compiled  from  Pliny  and  Dios- 
corides.  In  this  work  some  37  verses  are  entitled  “Oculorum  Dolori 
Mitigando.”  Quintus  Serenus  died  about  235  A.  D. — (T.  H.  S.) 

R 

R.  An  abbreviation  for  recipe  (take)^  right,  reniotum  (far-point),  and 
Reaumur. 

Ra.  The  symbol  of  radium. 

Rabbit’s  bile.  Morax  {Annates  d^OcuUstique,  Nov.,  1907 ; review  in 
Oph.  Review,  p.  85,  Mar.,  1908)  pointed  out  that  Neufeld  was  prob- 
ably the  first  to  record  the  bacteriolytic  action  of  a rabbit’s  bile.  He 
states  that  if  to  2 ec.  of  a culture  of  pneumococcus  in  bouillon  kept 
at  37°  C.  for  24  hours,  one  adds  a small  amount  of  rabbit’s  bile,  the 
culture  clears  rapidly,  and  at  the  end  of  a certain  time  the  bouillon 
can  be  demonstrated  to  be  free  of  any  activity,  tested  microscopically, 
by  culture  or  by  inoculation.  He  adds  that  bile  from  the  rabbit  is 
decidedly  more  active  in  this  way  than  bile  from  man,  dog,  rat  or 
goat.  This  matter  has  been  further  investigated  by  others,  especially 
Nicolle  and  Adil  Bey,  who  have  shown  that  it  is  in  the  biliary  salts 
that  the  activity  lies,  and  have  arranged  them  in  order  of  efficacy. 

One  of  the  most  destructive  diseases  to  which  the  eye  is  liable  is 
ulcer  of  the  cornea  caused  by  the  pneumococcus,  and  while  this  is  in 
many  cases  amenable  to  treatment  by  the  cautery  and  other  means, 
in  really  bad  and  advanced  cases  one  would  be  thankful  for  any  fur- 
ther assistance  in  treatment.  Gabrielides  first  treated  cases  of  hypo- 
pyon ulcer  successfully  with  the  bile  of  both  rabbit  and  sheep.  Morax 
has  made  attempts  in  cases  of  pneumococcus  infection  to  further 
investigate  the  value  of  the  new  application.  He  usually  employed 
the  bile  just  as  it  was,  but  taurocholate  of  soda  in  2 per  cent,  solu- 
tion makes  another  convenient  application  of  similar  nature.  His 
first  case  was  one  of  conjunctivitis  of  pneumococcal  origin  witli 
abundance  of  organisms;  these  were  greatly  reduced  in  numbers  in 
one  day  by  the  use  of  bile.  In  another  case  of  pneumococcus  infec- 
tion, this  time  in  the  form  of  an  ulcer  of  the  cornea  in  a man  of  54, 
along  with  other  treatment  two  instillations  of  bile  were  employed, 
and  the  process  of  advance  was  checked,  repair  began  almost  at  once, 
and  healing  proceeded  rapidly  and  satisfactorily.  One  or  two  other 
similar  cases  are  related  in  which  the  beneficial  effect  of  the  bile  was 
quite  evident,  and  then  an  example  of  hypopyon  keratitis  due  to  the 
bacillus  pyocyaneus,  in  which  bile  had  absolutely  no  effect,  unless 
perhaps  that  of  increasing  the  pain. 

The  fact  that  in  the  cases  related  Morax  employed  other  customary 
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therapeutic  means  detracts  of  course  to  some  extent  from  the  value 
of  these  observations,  considered  from  the  point  of  view  of  mere  ex- 
perimental tests  of  the  action  of  bile,  but  Morax  very  justly  points 
out  that  he  does  not  regal’d  bile  as  a panacea,  but  as  a useful  adjunct 
to  other  means,  as  an  important  therapeutic  agent,  not  as  supplant- 
ing all  others,  but  assisting  them.  Thus,  the  organism  causing  hypo- 
pyon ulcer  of  the  cornea,  though  it  lies  in  the  superficial  layers,  it 
is  true,  may  yet  be  deep  enough  to  escape  to  some  extent  the  bac- 
teriolytic action  of  the  bile;  therefore  he  employed  light  curettage  be- 
fore instillation.  The  atropine,  too,  has  so  decidedly  an  analgesic 
effect  that  he  did  not  care  to  omit  the  use  of  it  as  well.  Besides,  the 
influence  of  the  bile  is  but  transitory,  and  the  antiseptic  action  must 
be  kept  up.  He  considers,  further,  that  if  we  can  limit  the  sphere 
of  action  of  the  cautery,  that  most  invaluable  agent,  we  may  have 
smaller  and  fainter  opacities  resulting.  The  application  of  bile  caused 
a vei’y  considerable  amount  of  smarting  pain,  which  lasted  from  one 
to  several  hours. 

Rabies.  Hydrophobia.  A disease  of  the  nervous  system,  which,  as  re- 
cent investigation  goes  to  prove,  is  caused  by  an  ultra-microscopic, 
filter-passing  organism  of  the  class  chlamydozoa.  This  organism  is 
apparently  responsible  for  the  “cell  inclusion”  Negri’s  bodies,  which 
are  a constant  feature  of  the  disease. 

Santos  Fernandez  {Archivos  de  Oftalmologia,  Sept.,  1915),  made  a 
careful  examination  of  the  ocular  fundus  in  two  fatal  cases  of 
rabies,  without  finding  any  indication  of  change  in  the  choroid, 
retina,  or  optic  nerve.  See,  also.  Hydrophobia,  p.  6083,  Vol.  VHI  of 
this  Encyclopedia. 

Race  and  the  eye.  Racial  influences  on  the  eye  and  its  diseases.  In 
addition  to  the  matter  touching  this  subject  under  Ethnology  of  the 
eye,  p.  4527,  Vol.  VI  of  this  Encyclopedia,  the  following  account  by 
J.  N.  Roy  {Canadian  Med.  Assocn.  Journ.,  p.  144,  Feb.,  1919)  will 
be  found  of  great  value. 

The  author’s  paper  gives  the  results  of  a recent  tour  throughout 
the  Dark  Continent,  where  he  visited  twenty-two  different  colonies 
and  examined  the  anatomical,  physiological,  and  pathological  con- 
dition of  about  five  thousand  negroes  of  one  hundred  different  tribes. 
He  deals  with  their  refraction,  vision  during  the  day  and  night,  and 
accommodation,  comparing  the  eyes  of  the  blacks  with  those  of 
other  races. 

As  his  subjects  were  illiterate  he  used  for  determining  the  acuity 
of  vision  rectangular  types  with  one  side  missing,  and  found  this 
test  worked  very  well. 

He  used  skiascopy  for  the  refraction. 
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The  African  light  is  very  bright,  and  the  atmosphere  very  clear. 
Experiments  led  to  the  conclusion  that  vision  in  the  same  pereon 
is  better  in  Africa  than  in  Europe.  An  emmetropic  eye  which,  in 
the  northern  countries,  has  with  good  light  a vision  of  5 — 5 or  even 
6 — 5,  can  see  in  Africa  one  metre  farther  away,  i.  e.,  a vision  of  7 — 5. 
This  unity  of  7 — 5 is,  therefore,  in  this  paper  considered  as  the  nor- 
mal vision  of  an  European  in  Africa  or  in  other  tropical  countries. 

A glance  at  the  geography  and  ethnology  of  the  Dark  Continent 
shows  that  the  different  races  came  in  contact  according  to  certain 
circumstances  worth  mentioning.  The  negroes  of  the  Senegal  Sou- 
dan intermarried  with  their  neighbors  of  the  north,  the  Berbers  and 
the  Arabs;  and  their  offspring,  tlie  Moors,  peopled  chiefly  Maure- 
tania. Those  of  the  northeast  were  gradually  absorbed  by  the  Egyp- 
tians who  were  always  at  war  with  the  Ethiopians;  and  their  union 
with  the  Fellahs  gave  origin  to  the  race  of  the  Peuhls  and  the  Fou- 
lahs,  who  live  in  the  neighborhood  of  the  Senegal  river,  the  upper 
part  of  the  Niger,  and  in  the  Fouta  Djalon  in  French  Guinea.  The 
Arabs  of  Yemen  made  repeated  incursions  into  Africa,  crossed  the 
coast  of  Somalis,  and  reached  Harrar  the  capital  of  the  country  of 
Gallas  in  Abyssinia,  where  they  remained  in  possession  for  a long 
time. 

The  negroes  who  came  in  contact  with  these  different  races  in- 
herited from  them  many  diseases,  chiefly  syphilis  and  trachoma. 
Smallpox  also  made  terrible  ravages,  chiefly  where  the  means  of 
communication  are  naturally  easier  than  in  the  wild  forest.  The 
same  may  be  said  of  purulent  ophthalmia.  In  a general  way  the 
eyes  of  the  people  living  north  of  the  fifth  degree  of  latitude  north 
are  not  as  healthy  as  those  living  south,  on  account  of  the  lesions  due 
to  purulent  ophthalmia,  variola,  trachoma,  and  the  constant  irrita- 
tion of  the  sand. 

Strabismus,  due  usually  to  corneal  scars,  or  amblyopia  from  other 
sources,  is  also  more  frequent  in  the  northern  part. 

Roy  made  a complete  tour  around  the  African  continent,  pene- 
trating at  many  points  even  to  a great  depth. 

He  concludes  that  the  people  of  the  south  were  first  infected  by 
those  of  the  north,  who  in  turn  had  been  contaminated  by  the  Indo- 
Europeans. 

A continent  in  the  past  probably  bound  Asia  and  the  south  of 
Africa;  of  which  the  islands  of  the  Soudan  are  the  vestiges.  The 
Hottentots  and  the  Bushmen  with  their  Mongolian  blood  are  a living 
proof  of  this  hypothesis.  The*  last  descendants  of  these  tribes,  al- 
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most  extinct  nowadays,  live  grouped  together  chiefly  on  the  frontier 
of  Rhodesia,  German  South-West  Africa,  and  the  Portugese  An- 
gola. 

Upon  close  examination  of  the  eyes  of  the  negi’oes,  one  is  aston- 
ished at  the  considerable  amount  of  pigment  contained  therein.  At 
times  it  is  even  found  on  the  ocular  conjunctiva  opposite  the  exter- 
nal canthus.  The  iris  and  the  choroid  are  saturated  with  it,  and 
even  in  certain  cases  there  is  a physiological  condition  of  melanosis 
of  the  soft  palate  and  of  the  gums. 

Refraction  shows  that  their  eyes  are  almost  all  emmetropic,  pro- 
vided there  is  no  alteration  of  the  cornea  due  to  previous  diseases. 
Statistics  have  given  the  following  results:  Simple  myopia  is  found 
in  the  proportion  of  about  1.5  per  100,  and  then  it  is  always  of  a mild 
degree.  Roy  never  had  to  use  a glass  higher  than  four  diopters, 
and  this  was  with  albinos.  In  passing,  it  is  worthy  of  note  that  this 
pigmentary  anomaly  is  far  more  frequent  in  Africa  than  elsewhere. 

]\Iyopic  astigmatism  is  found  in  about  the  same  proportion  as  sim- 
ple myopia,  i.  e.,  1.5  per  100;  and  the  author  never  had  to  use  a 
cylinder  higher  than  — 2.5  to  correct  the  error. 

There  is  an  absence  of  keratoconus  and  keratoglobus  in  Africa. 

Simple  hypermetropia  and  hyperopic  astigmatism  are  found  in 
about  2.5  per  100.  The  highest  degree  of  hypermetropia  was  cor- 
rected by  a sphere  of  + 3.5,  and  astigmatism  by  a + 2.5  cylinder. 
The  writer  saw  but  few  cases  of  compound  astigmatism,  and  those 
chiefly  among  albinos.  He  never  had  a case  of  mixed  or  irregular 
astigmatism. 

All  these  percentages  are  based  on  cases  with  absolutely  transpar- 
ent corneas.  It  goes  without  saying  that  alterations  of  the  cornea 
due  to  diseases  are  met  with  in  Africa  as  elsewhere.  These  percent- 
ages are  based  on  an  average  of  the  whole  continent.  Where  schools 
of  instruction  have  long  been  established,  they  may  be  too  low ; but 
at  places  where  almost  every  one  was  emmetropic,  they  are  certainly 
too  high.  Practically  all  cases  of  ametropia  were  corrected  by  very 
weak  glasses. 

In  a general  way,  the  negroes  had  excellent  eyesight.  In  rare  cases, 
he  even  observed  that  a correction  of  two  to  three  diopters  of  either 
hypermetropia  or  myopia  could  improve  their  vision  up  to  9 — 5 and 
even  11 — 5.  The  highest  normal  vision  recorded  was  one  of  20 — 5, 
and  this  was  in  a man  affected  with  sleeping  sickness.  Trypanoso- 
miasis affected  the  native  eye  but  little.  The  average  vision  of  the 
natives  of  Africa  is  12 — 5,  More  than  any  other  race  have  they  the 
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faculty  of  seeing  to  a great  depth  in  water.  In  spite  of  the  most 
careful  researches,  even  in  eyes  sutfering  from  disease,  Roy  never 
observed  any  alteration  of  the  color  vision  or  hemianopsia. 

Negroes  have  a great  power  of  vision  in  the  dark.  Roy  made  a 
series  of  experiments  to  compare  their  sight  at  night  with  the  noc- 
turnal vision  of  Europeans.  The  subjects  were  first  refracted. 
There  was  a larger  amount  of  pigment  in  the  retime  of  the  negroes 
than  in  those  of  the  whites ; but  the  rods  in  both  races  have  the  same 
form.  We  are  forced  to  believe  therefore  that  their  excellent  vision 
in  the  dark  is  due  to  the  greater  use  of  their  eyes  at  night  compared 
with  ours.  The  writer  noticed  the  same  thing  with  the  Indo-Chinese, 
the  Malays,  and  redskins,  whose  vision  at  night  is  very  good;  and 
even  among  the  Hindoos,  whose  origin  is  Aryan. 

Roy  paid  particular  attention  to  the  power  of  accommodation.  It 
was  easy  to  gather  positive  facts  on  account  of  the  presence,  at  differ- 
ent places,  of  scholars  who  could  read  fairly  well.  Researches  on  the 
subject  show  that  the  natives  of  the  Dark  Continent  have  a better 
power  of  accommodation  than  whites.  A study  of  a series  of  fifty 
observations  shows  without  doubt  the  existence  of  this  superiority, 
and,  besides,  corroborates  all  previous  statements.  These  observa- 
tions are  practically  alike,  and  were  all  made  on  emmetropic  cases. 
To  get  the  punctum  proximum  the  writer  used  the  smallest  charac- 
ters of  the  de  Wecker  chart. 


Obser- 

vation 

Sex 

Tribe 

Age 

Amplitude  of  accom- 
modation 

Emmetropic 

vision 

1 

man 

Oiiolofs 

16  years 

0.07  cent.  = 14.28 

14-5 

O 

man 

Ouolofs 

18  years 

0.082  cent.  = 12.19 

12-5 

3 

man 

Bambara 

17  years 

0.08  cent.  = 12.5 

13-5 

4 

man 

Mandigue 

29  years 

0.107  cent.  = 9.34 

12-5 

5 

man 

Mandigue 

15  years 

0.068  cent.  = 14.7 

10-5 

6 

man 

Bambara 

20  years 

0.085  cent.  = 11.76 

15-5 

7 

man 

Malinke 

22  years 

0.088  cent.  = 11.36 

12-5 

8 

man 

Soussous 

24  years 

0.09  cent.  = 11.11 

12-5 

9 

man 

Soussous 

30  years 

0.103  cent.  = 9.7 

11-5 

10 

man 

Soussous 

23  years 

0.09  cent.  = 11.11 

12-5 

11 

•woman 

Fantis 

14  years 

0.067  cent.  = 14.92 

16-5 

12 

■woman 

Apollonienne 

14  years 

0.07  cent.  = 14.28 

12-5 

13 

woman 

Fantis 

13  years 

0.065  cent.  = 15.38 

1.5-5 

14 

woman 

Accra 

15  years 

0.072  cent.  = 13.88 

11-5 

15 

woman 

Achantis 

22  years 

0.084  cent.  = 11.9 

9-5 

16 

woman 

Achantis 

18  years 

0.077  cent.  = 12.98 

14-5 

17 

woman 

Yorouba 

29  years 

0.106  cent.  = 9.43 

11-5 

18 

woman 

Ibos 

20  years 

0.088  cent.  = 11.36 

14-5 

19 

woman 

Egbas 

22  years 

0.08  cent.  = 12.5 

15-5 

20 

woman 

Yorouba 

25  years 

0.102  cent.  = 9.8 

10-5 

21 

man 

Minas 

23  years 

0.085  cent.  = 11.76 

14-5 

22 

man 

Minas 

23  years 

0.08  cent.  = 12.5 

17-5 

23 

man 

Evhe 

25  years 

0.087  cent.  = 11.49 

18-5 

24 

man 

Dagomba 

19  years 

0.07  cent.  = 14.28 

11-5 

25 

man 

Fons 

19  years 

0,075  pent.  = 13.33 

10-5 
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Obser- 

vation 

Sfcx 

Tribe 

Age 

Amplitude  of  accom- 
modation 

Emmetropic 

vision 

26 

man 

Bassa 

23  years 

0.073 

cent.  = 13.69 

14-5 

27 

man 

Malumba 

21  years 

0.07 

cent.  = 14.28 

15-5 

28 

man 

Kumba 

24  years 

0.082 

cent.  = 12.19 

13-5 

29 

man 

Malumba 

21  years 

0.074 

cent.  = 13.51 

10-5 

30 

man 

Bassa 

18  years 

0.07 

cent.  = 14.28 

12-5 

31 

man 

Loango 

16  years 

0.07 

cent.  = 14.28 

10-5 

32 

man 

Yacoma 

13  years 

0.067 

cent.  = 14.92 

13-5 

33 

man 

Batetela 

16  years 

0.065 

cent.  = 15.38 

10-5 

34 

man 

Azande 

15  years 

0.075 

cent.  = 13.33 

12-5 

35 

man 

Bangala 

16  years 

0.075 

cent.  = 13.33 

11-5 

36 

man 

Yacoma 

15  years 

0.07 

cent.  = 14.28 

15-5 

37 

man 

Basonge 

14  years 

0.065 

cent.  = 15.38 

11-5 

38 

man 

Bangala 

14  years 

0.068 

cent.  = 14.7 

12-5 

39 

man 

Eakumu 

15  years 

0.075 

cent.  = 13.33 

10-5 

40 

man 

Basoko 

14  years 

0.062 

cent.  = 16.12 

12-5 

41 

woman 

Bahiba 

14  years 

0.068 

cent.  = 14.7 

12-5 

42 

woman 

Mongo 

18  years 

0.074 

cent.  = 13.51 

11-5 

43 

woman 

Yacoma 

17  years 

0.07 

cent.  = 14.28 

15-5 

44 

woman 

Basoko 

15  years 

0.066 

cent.  = 15.15 

17-5 

45 

woman 

Basoko 

20  years 

0.08 

cent.  = 12.5 

10-5 

46 

woman 

Bangala 

14  years 

0.06 

cent.  = 16.16 

13-5 

47 

woman 

Bapoto 

1 6 years 

0.065 

cent.  = 15.38 

12-5 

48 

woman 

Mongo 

16  years 

0.068 

cent.  = 14.7 

14-5 

49 

woman 

Basoko 

19  years 

0.07 

cent.  = 14.28 

11-5 

50 

woman 

Loango 

15  years 

0.063 

cent.  = 15.87 

10-5 

If  we  compare  these  figures  with  those  of  Donders’  chart,  we  see 
to  what  point  the  amplitude  of  accommodation  in  the  negro  is  su- 
perior to  that  of  the  white,  although  the  difference  is  not  so  marked 
as  it  looks. 

The  writer  regrets  that  he  had  to  limit  his  researches  to  the  pe- 
riod of  life  between  thirteen  and  thirty  years.  Younger  than  that, 
his  subjects  could  not  read  sufficiently  to  give  definite  answers. 
Moreover,  negroes  cannot  give  exact  answers  about  their  birthday. 
At  times  they  mention  a certain  number  of  years  before  or  after  a 
definite  event  in  the  history  of  their  country,  and  from  this  event, 
as  well  as  we  know  it,  we  have  to  deduce  their  age.  Roy  regrets  this 
as  it  would  have  been  interesting  to  know  when  presbyopia  develops 
among  them.  However,  our  limited  statistics,  with  subjects  whose 
age  was  well  known,  show  that  it  develops  a little  later  than  with 
whites.  This  is  but  logical  on  account  of  their  excellent  power  of  ac- 
commodation, and  the  rarity  of  latent  hypermetropia.  This  fact  is 
worth  mentioning  because,  according  to  some  authors,  among  whom 
are  H.  Campbell  Highet,  of  Singapore,  and  J.  Santos  Fernandez,  of 
Cuba,  who  have  made  experiments  in  their  own  country,  presby- 
opia seems  to  appear  from  five  to  six  years  earlier  in  the  tropics  than 
elsewhere,  and  this  not  only  among  the  Europeans  who  have  been 
residents  for  a certain  time,  but  also  among  the  natives.  According 
to  them,  the  high  temperature,  causing  a general  depression  of  the 
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organism,  and  indirectly  a diminution  of  the  power  of  accommoda- 
tion, would  explain  this  phenomenon;  besides  the  mode  of  life  and 
the  feeding  of  these  different  people  could  also  have  something  to 
do  with  this  condition.  It  is  not  so  with  negroes.  Moreover,  the 
population  of  Singapore  is  composed  of  many  nations  in  which  the 
yellow  element  represented  by  the  Chinese,  the  Japanese,  and  the 
Malays  predominates.  In  Cuba  there  are  Spaniards,  Creoles,  Chi- 
nese, Americans;  and  the  other  residents  have  lost,  either  as  a result 
of  their  prolonged  stay,  or  through  intermaiTiage,  a part  of  the 
characteristics  of  their  own  race.  These  anemic  white  or  yellow  peo- 
ples, often  affected  by  malaria,  or  bom  from  diseased  parents,  are 
from  every  point  of  view  far  less  resistant  than  the  blacks,  whose 
organism  by  heredity  is  used  to  life  in  the  tropics. 

The  writer  points  out  that  if  we  examine,  in  a general  way,  the 
visual  acuity  of  the  different  races  of  the  globe,  we  see  that  it  varies 
greatly  in  individuals  of  the  same  origin.  The  different  peoples  of 
the  earth,  from  an  ethnological  standpoint,  may  be  divided  into  three 
large  families:  the  white,  the  black,  and  the  yellow.  Indeed,  if  we 
consider  carefully  the  characteristics  of  the  Malays  and  the  redskins, 
we  find  that  the  representatives  of  those  two  races  have  had  Mon- 
golians for  ancestors.  The  color  of  the  skin,  the  shape  of  the  eye- 
lids, the  development  of  the  malar  bones,  the  fiattening  of  the  base 
of  the  nose,  the  thickness  of  the  hair,  and,  generally  speaking,  their 
facial  expression,  are  all  arguments  in  favor  of  this  theory.  More- 
over, we  find  in  the  language  of  certain  Indian  tribes  of  South 
America,  a number  of  expressions  very  similar  to  some  Japanese 
words;  and  in  Mexico,  mins  of  temples  have  been  found  with  sym- 
bols which  are  undoubtedly  vestiges  of  those  which  adorned  the 
shrine  of  Buddha, 

As  with  the  white  races  myopia,  quite  frequent  in  Japan  and 
China,  is  met  with  almost  exclusively  among  the  educated  class;  and, 
in  spite  of  what  certain  authors  say,  it  is  not  a national  defect, 
Hypermetropia  is  met  with  a little  more  frequently. 

The  Malays,  Philippinos,  Hovas,  Esquimaux,  Laplanders,  and  the 
redskins  are,  like  the  negroes,  almost  all  emmetropic;  and  Steiner 
has  the  same  opinion  of  the  population  of  Java, 

Roy’s  statistics  on  ametropia  of  mulattoes  and  other  half-breeds 
show  that  vision  in  both  has  about  the  same  characters^  In  detail, 
the  percentage  is  as  follows:  50  per  cent,  of  hypermetropic  astig- 
matism both  simple  and  compound,  25  per  cent,  of  myopic  astigma- 
tism simple  and  compound,  20  per  cent,  of  hypermetropia,  and  5 per 
cent,  of  myopia,  C,  P,  Jones,  in  a paper  on  the  refraction  of  the 
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half-breeds,  comes  to  the  same  conclusion.  His  fi^ires  show  78  per 
cent,  of  astigmatics,  of  which  51  per  cent,  is  of  the  simple  or  com- 
pound hypermetropic  type,  and  27  per  cent,  of  the  simple  or  com- 
pound myopic  form.  There  is  19  per  cent,  of  hypermetropia  and  3 
per  cent,  of  myopia.  The  word  Indians  in  this  paper  means  half- 
breeds  only.  It  does  not  include  the  redskins,  for  nowadays  these 
are  seldom  met  with  in  their  pure  condition.  To  study  them  care- 
fully, one  has  to  go  to  Mexico  or  to  Central  or  South  America. 

No  irregular  or  mixed  astigmatism  was  found  among  the  mulat- 
toes  or  other  half-breeds,  and  all  the  corrections  were  of  a slight  de- 
gree. 

Roy  recalls  the  opinion  that  the  depth  of  the  orbit  may  have  some 
influence  on  the  development  of  the  eye  in  its  antero-posterior  di- 
ameter and,  consequently,  upon  the  refraction.  To  deep  orbits  cor- 
respond myopia;  to  shallow  ones,  hypermetropia.  Moreover  the  or- 
bital diameter  is  in  relation  to  the  shape  of  the  head,  and  the  more 
dolichocephalic  the  cranium,  the  deeper  is  the  orbit;  and  vice-versa. 
We  know  that,  in  a general  way,  yellow  peoples  are  more  or  less 
brachyeephalic,  whites  mesoticephalic,  and  negroes  almost  all  dolicho- 
cephalic. The  writer  denies  this  statement.  Outside  of  anomalies 
of  refraction,  due  to  abnormal  curvature  of  the  lens,  or  to  previously 
existing  diseases,  there  is  no  rule  to  explain  the  causes  of  ametropia 
other  than  direct  heredity.  These  hereditarily  weak  eyes  succumb 
to  the  effect  of  fatigue  brought  on  by  delicate  work,  comeal  lesions, 
defective  light,  and  the  constant  use  of  poor  printing.  Moreover, 
according  to  Broca’s  measurements  of  the  orbit,  the  Dutch  with  their 
shallow  cavities  are  frequently  myopic,  while  the  Esquimaux  with 
their  large  orbits  are  almost  all  emmetropes. 

The  vision  of  the  different  peoples  is  also  proportionate  to  their 
intellectual  development.  Taking  the  white  race  as  a point  of  com- 
parison, we  see  that  the  eyesight  of  the  Chinese  and  of  the  Japanese 
is  similar  to  ours;  and  of  all  the  different  branches  of  the  yellow 
race  it  is  the  worst.  The  Esquimaux  and  the  Laplanders,  living  in 
northern  countries,  are  next  in  the  scale,  with  a vision  superior  to 
that  of  their  ancestors.  The  Philippines,  Hovas,  Malays,  and  the 
redskins  have  still  better  sight.  ^ 

Warm  climate  seems  to  have  a certain  influence  on  the  develop- 
ment of  the  ocular  pigment.  In  individuals  of  the  same  race,  born 
in  different  places,  more  pigment  is  met  with  fn  the  tropics  than  in 
cold  countries.  As  a result  of  this  there  is  a larger  absorption 
of  light  rays,  and  an  improvement  of  the  sight,  although  the  inten- 
sity of  the  light  plays  a great  part.  See  Ethnology,  p.  4535,  Vol.  VI 
of  this  Encyclopedia. 

Vol.  Xrv— 2 8 
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Studying  the  moral  and  the  physical  condition  of  the  mulattoes 
and  other  half-breeds,  we  find  that  they  have  inherited  from  the  whites 
all  their  defects  and  even  their  pathological  atavism.  When  good 
qualities  exist— which  is  exceptional— they  are  always  poorly  de- 
veloped. Their  eyes  are  not  as  good  as  those  of  the  redskins  and 
the  negroes,  but  may  be  compared  to  ours. 

The  power  of  accommodation  of  the  yellow  race  is  (as  in  tlie  white) 
superior  to  the  figures  of  Bonders.  The  writer’s  statistics  show  it 
to  be  about  equal  in  both  races.  The  same  may  be  said  of  mulattoes 
and  half-breeds. 

Of  all  human  beings,  the  blacks  without  doubt  represent  the  low- 
est step  of  civilization.  Their  eyes  and  ears  are  developed  to  the 
highest  possible  degree  of  physiological  function.  Next  in  the  scale 
are  the  yellow  peoples  of  the  islands  of  Oceania,  then  those  of  Indo- 
China,  the  redskins  of  Mexico,  Central  and  South  America,  the  Lap- 
landers, the  Esquimaux,  and  lastly,  the  Chinese  and  the  Japanese. 
The  whites  are  the  highest  in  the  scale  with  the  poorest  vision. 

The  ocular  pigment  seems  to  have  a definite  infiuence  on  the  per- 
ception of  objects,  and  in  negroes  it  is  one  of  the  main  causes  of 
their  excellent  vision.  It  absorbs  some  rays  of  light  and  neutralizes 
those  that  are  irregularly  reflected  on  the  retina. 

With  the  civilization  brought  to  them  by  the  Europeans,  who  now 
control  almost  the  whole  of  Africa ; with  their  mode  of  living  changed 
chiefly  in  the  increased  absorption  of  more  or  less  adulterated  foot! 
and  of  alcoholic  beverages — which  nowadays  they  even  make  them- 
selves— with  the  advance  of  instruction  in  schools  and  workshops; 
with  (at  places)  the  use  of  artificial  light,  it  is  a question  how  long 
the  natives  will  retain  their  visual  power,  at  present  so  perfect. 

Rachistovainization,  Ocular  symptoms  from.  Balbuena  Fernandez 
{Archivos  de  Oftalmolagia,  August,  1915)  records  the  case  of  a woman 
of  forty  years  who  was  operated  upon  for  extirpation  of  the  right 
tube  and  ovary,  using  as  anesthetic  stovain  in  intrarachidic  injec- 
tion. Two  weeks  later  she  noticed  that  she  saw  double  and  that 
the  left  eye  squinted.  A month  later  she  came  for  examination. 
There  were  all  the  symptoms  of  paralysis  of  the  sixth  pair.  Iodide 
of  potash  appeared  to  favor  recovery,  which  was  complete  in  two 
months.  Twenty  other  cases  have  been  discovered  by  the  author 
in  which  no  other  cause  of  paralysis  could  he  found  hut  the  intra- 
rachidic injection  of  stovain.  See,  also,  Stovain. 

Racine.  (F.)  Root. 

Racine  superieure  de  la  couche  optique.  A term  applied  by  Mey- 
nert  to  a tract  of  nerve-fibers  in  the  anterior  pillars  of  the  fornix. 
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Radde’s  color  charts.  These  show  21  shades  arranged  in  42  rows. 
Each  horizontal  row  is  marked  with  a number;  each  vertical  one  by 
a letter.  Hience  each  shade  is  indicated  by  two  indices. 

Radex.  One  of  the  numerous  forms  of  tinted  glass  now  on  the  market, 
intended  to  protect  the  eyes  from  glare  or  from  injurious  rays  of 
light.  Spectograms  comparing  this  with  other  forms  of  protective 
glass  will  be  found  in  the  Trcuns.  Oph.  Sec.  A.  M.  A.,  p.  256,  1915. 

Radian.  The  angle  (57°  17'  44")  subtended  at  the  center  of  a cir- 
cle by  an  arc  equal  in  length  to  the  radius.  See  Centrad,  p.  1955, 
Vol.  Ill  of  this  Encyclopedia. 

Radiant.  Shootin,g  or  emitting  raj^s  of  light ; giving  out  rays ; resem- 
bling rays. 

Radiant  energy.  Energy  transmitted  through,  or  by  means  of,  the 
luminiferous  ether. 

The  effects  of  this  force  on  the  eye  is  voluminously  discussed  (as 
the  result  of  much  experimentation)  in  the  monograph  of  P.  H.  Ver- 
hoeff  and  Louis  Bell  (Proc.  Am.  Acad.  Arts  and  Sciences,  51,  No.  13, 
p.  629,  July,  1916),  with  a systematic  review  of  the  literature  by 
C.  B.  Walker.  As  a result  of  these  investigations  the  authors  come 
to  the  following  conclusions : 

1.  The  liminal  exposure  capable  of  producing  photophthalmia 
to  the  extent  of  conjunctivitis  accompanied  by  stippling  of  the  cor- 
nea, is  in  terms  of  energy  about  2 X 10®  erg  seconds  per  square  cm. 
of  abiotic  radiation  of  the  character  derived,  for  example,  from  the 
quartz  lamp  or  the  magnetic  arc.  About  two  and  a half  times  this 
exposure,  i.  e.,  5 X 10®  erg  seconds  per  square  cm.  is  required  to  pro- 
duce loss  of  corneal  epithelium. 

2.  The  abiotic  action  of  the  cornea  and  conjunctiva  produced  by 
any  radiating  sources  follows  the  law  of  inverse  squares  and  is  di- 
rectly proportional  to  the  total  abiotic  energy  received.  It  can  there- 
fore be  definitely  predicted  from  the  physical  properties  of  the 
source, 

3.  After  exposure  of  the  eye  to  abiotic  radiations  there  is  a lat- 
ent period  before  any  effects  clinical  or  histological  become  percepti- 
ble. This  period  of  latency  in  a general  way  varies  inversely  with 
the  severity  of  the  exposure,  but  a theoretical  latency  of  24  hours  or 
more  corresponds  to  an  exposure  entirely  subliminal. 

4.  The  combined  effect  of  repeated  exposures  to  abiotic  radia- 
tions is  equivalent  to  that  of  a continuous  exposure  of  the  same  total 
length,  provided  the  intermissions  are  not  long  enough  to  establish 
reparative  effects.  Approximately  the  exposures  are  additive  for 
intermissions  of  somewhat  less  than  24  hours.  Exposures  of  the 
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liminal  given  daily  begin  to  show  pereeptible  effeet  after  about  6 
exposures.  Daily  exposures  of  1/6  the  liminal  repeated  over  long 
'periods  produce  no , effect  whatever,  except  to  give  the  external  eye 
a degree  of  immunity  against  severer  exposures.  Actual  abiotic 
damage  to  the  external  eye  renders  it  temporarily  more  sensitive  to 
abiotic  action. 

5.  Abiotic  action  for  living  tissues  is  confined  to  wave  lengths 
shorter  than  305  //./x,  at  which  length  abiotic  effects  are  evanescent, 
while  for  shorter  wave  lengths  they  increase  with  considerable  ra- 
pidity. 

6.  For  the  quartz  arc  and  the  magnetic  arc  the  abiotic  activity 
of  the  rays  absorbed  by  the  cornea  is  eighteen  times  gi-eater  than 
those  which  are  transmitted  by  it.  To  affect  any  media  back  of  the 
cornea  requires  therefore  at  least  eighteen  times  the  liminal  ex- 
posure heretofore  mentioned. 

7.  Even  with  exposures  as  great  as  one  hundred  and  fifty  times 
the  liminal  for  photophthalmia  the  lens  substance  is  affected  to  a 
depth  of  less  than  20  /x,  and  this  superficial  effect  undergoes  in  the 
rabbit  complete  repair.  Such  enormously  intensive  exposures,  which  , 
we  obtain  with  the  magnetite  arc  and  double  quartz  lens  system  may 
completely  destroy  the  corneal  epithelium,  corpuscles,  and  endothe-  j 
Hum.  The  corneal  stroma  may  bo  strongly  affected  by  waves  shorter 
than  295  /x/x,  which  it  completely  absorbs,  but  is  very  slightly  affected 
by  the  remaining  abiotic  radiation. 

8.  The  histological  changes  produced  by  abiotic  radiation  are 
radically  different  from  those  produced  by  heat,  and  the  cell  changes 
are  best  seen  in  flat  preparations  of  the  lens  capsule.  The  most  char- 
acteristic change  is  the  breaking  up  of  the  cytoplasm  into  eosinophilic 
and  basophilic  granules. 

9.  Changes  in  the  lens  epithelium  like  those  following  abiotic  ae-  , 
tion,  including  the  formation  of  a “wall”  beneath  the  pupillary 
margin,  are  not  exclusively  characteristic  of  abiotic  action,  but  may 
be  produced  by  ordinary  chemical  reagents.  They  are,  therefore,  • 
characteristic  not  of  abiotic  action  alone,  but  of  chemical  action  in 
general. 

10.  Abiotic  radiations  certainly  do  not  directly  stimulate,  but  on 
the  contrary  apparently  depress  mitosis.  Their  action  in  this  re- 
spect also  is  materially  different  from  that  of  heat. 

11.  The  lens  protects  completely  the  retina  of  the  normal  eye  even 
from  the  small  proportion  of  feebly  abiotic  rays  which  can  penetrate 
the  cornea  and  vitreous  humor. 

12.  Experiments  on  rabbits,  monkeys  and  the  human  subject  prove 
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that  the  retina  may  be  flooded  for  an  hour  or  more  with  light  of 
extreme  intensity  (not  less  than  50,000  lux),  without  any  sign  of  per- 
manent injury.  The  resulting  scotoma  disappears  within  a few 
hours.  Only  when  the  concentration  of  light  involves  enough  heat 
energy'  to  produce  detinite  thermic  lesions  is  the  retina  likely  to  be 
injured. 

18.  The  retina  of  the  aphakic  eye,  owing  to  the  specific  and  gen- 
eral absorption  of  abiotic  radiations  by  the  cornea  and  the  vitreous 
body,  is  adequately  protected  from  injury  from  any  exposures  pos- 
sible under  the  ordinary  conditions  of  life,  even  without  the  added 
protection  of  the  glasses  necessary  for  aphakic  patients. 

14.  To  injure  the  cornea,  iris,  or  lens,  by  the  thermic  effects  of 
radiation,  requires  a concentration  of  energy  obtainable  only  under 
extreme  experimental  conditions. 

15.  Infra-red  rays  have  no  specific  action  on  the  tissues  analogous 
to  that  of  abiotic  rays.  Any  effect  due  to  them  is  simply  a matter 
of  thermic  action,  and  such  rays  are  in  the  main  absorbed  by  the 
media  of  the  eye  before  reaching  the  retina. 

16.  Actual  experiments  made  on  the  human  eye  show  conclusive- 
ly that  no  concentration  of  radiation  on  the  retina  from  any  artificial 
illuminant  is  sufficient  to  produce  injury  thereto  under  any  practical 
conditions. 

17.  Eclipse  blindness,  the  only  thermic  effect  on  the  retina  of 
common  occurrence  clinically,  is  due  to  the  action  of  the  concentrated 
heat  on  the  pigment  epithelium  and  choroid,  this  heat  being  almost 
wholly  due  to  radiations  of  the  visible  spectrum  within  which  the 
maximum  solar  energy  lies. 

18.  The  abiotic  energy  in  the  solar  spectrum  is  a meagre  rem- 
nant between  wave  lengths  295  )u./x  and  305  ixfx,  aggregating  hardly 
a quarter  of  1 per  cent,  of  the  total.  At  high  altitudes  and  in  clear 
air  it  is  sufficient  to  produce  slight  abiotic  effects  such  as  are  noted 
in  snow-blindness  and  solar  erythema,  the  former  only  occurring 
with  long  exposures  under  very  favorable  circumstances  and  the  lat- 
ter being  in  ordinary  cases  complicated  by  an  erythema  due  to  heat 
alone.  The  amount  of  abiotic  energy  required  to  produce  a specific 
effect  in  solar  erythema  is  substantially  the  same  as  that  required 
for  mild  photophthalmia. 

19.  Erythropsia  is  not  in  any  way  connected  with  the  exposure 
of  the  eye  to  ultra-violet  radiations,  but  is  merely  a special  case  of 
color  fatigue,  temporary  and  without  pathological  significance. 

20.  Vernal  catarrh  and  senile  cataract  we  can  find  no  evidence 
for  considering  as  due  to  radiations  of  any  kind. 


10846 


RADIANT  HEAT 


21.  Glass-blower’s  cataract  often  charged  to  specific  radiation, 
ultra-violet  or  other,  we  regard  as  certainly  not  due  to  ultra-violet 
light  but  probably  due  to  the  overheating  of  the  eye  as  a whole 
with  consequent  disturbed  nutrition  of  the  lens. 

22.  Conunercial  illuininants  we  find  to  be  entirely  free  of  dan- 
ger under  the  ordinary  conditions  of  their  use.  The  abiotic  radia- 
tions, fumislied  by  even  the  most  powerful  of  them,  are  too  small  in 
amount  to  produce  danger  of  photophthalmia  under  ordinary  work- 
ing conditions  even  when  accidentally  used  without  their  globes. 
The  glass  enclosing  globes  used  with  all  practical  commercial  illu- 
minants  are  amply  sufficient  to  reduce  any  abiotic  radiations  very 
far  below  the  danger  point. 

23.  Under  ordinary  conditions  no  glasses  of  any  kind  are  re- 
quired as  protection  against  abiotic  radiations.  The  chief  usefulness 
of  protective  glasses  lies  not  so  much  in  their  absorption  of  any 
specific  rediations,  as  in  their  reducing  the  total  amount  of  light 
to  a point  where  it  ceases  to  be  psychologically  disagi’eeable  or  to 
be  inconveniently  dazzling.  Glasses  which  cut  off  both  ends  of  the 
spectrum  and  transmit  chiefly  only  rays  of  relatively  high  lumi- 
nosity, give  the  maximum  visibility  with  the  minimum  recep- 
tion of  energy.  For  protection  against  abiotic  action  in  ex- 
perimentation, or  in  the  snow  fields,  ordinary  colored  glasses  are 
quite  sufficient. 

24.  So  far  as  direct  destruction  of  bacteria  within  the  cornea  or 
any  other  tissues  of  the  body  is  concerned,  abiotic  radiations  possess 
no  therapeutic  value.  This  is  due  to  the  fact  that  abiotic  radiations 
that  are  able  to  penetrate  the  tissues  are  more  destructive  to  the  latter 
than  to  bacteria. 

Radiant  heat.  Heat  passing  through  space  in  vibrations  similar  to 
those  of  light,  but  of  a wave-length  that  cannot  be  perceived  by  the 
eye. 

Radiant  point.  Any  luminous  point  from  which  light  proceeds. 

Radiate  figure.  That  seen,  e.  g.,  about  the  macula  in  albuminuric 
retinitis,  etc.  See,  e.  g.,  p.  209,  Vol.  I of  this  Encyclopedia. 

Radiation  of  Gratiolet.  Same  as  radiations,  optic. 

Radiation  pressure.  Pressure  exerted  by  light  where  it  falls,  and  also 
on  the  source  of  light  by  reaction. 

Radiations,  Optical.  Optic  radiations.  A bundle  of  nerve-fibres  in 
the  posterior  part  of  the  optic  thalamus,  continuous  with  those  of 
the'  corona  radiata,  probably  the  termination  of  the  optic  nerve. 
The  fibres  are  derived  mostly  from  the  optic  tract  and  the  external 
and  internal  geniculate  bodies,  and  radiate  into  the  parietal  and 
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occipital  lobes.  See  Intracranial  organs  of  vision,  p.  6547,  Vol.  IX 
of  this  Encyclopedia. 

Radioactive  lens.  See  Lens,  Radioactive,  p.  7416,  Vol.  X of  this 
Encyclopedia. 

Radiogram.  Same  as  skiagram. 

Radiograph,  (a)  An  instrument  for  measuring  and  recording  the 
intenstiy  of  solar  radiation,  (b)  The  life-size  shadow  picture  of  an 
object. 

Radiographer.  One  skilled  in  obtaining  radiographs. 

Radiography.  Skiagraphy.  Fluoroscopy.  Roentgenography.  Radi- 
oscopy. The  art  or  process  of  taking  shadow-pictures  of  an  object  by 
the  aid  of  radioactive  agents.  The  term  is  also  used  in  a restricted 
sense  to  designate  the  process  of  taking  shadow-pictures  of  human 
organs  and  tissues  and  of  pathological  products,  foreign  bodies,  etc. 
in  them.  See,  e.  g.,  Localization  of  ocular  foreign  bodies,  p.  7503, 
Vol.  X;  and  Fluoroscope,  p.  5232,  Vol.  VII  of  this  Encyclopedia. 

J.  H.  Fisher  {British  Jour,  of  Ophthalmology,  p.  252,  Apr.,  1917) 
very  properly  says  of  the  paper  of  AV alter  Dandy  {Bulletin  Johns 
Hopkins  Hosp.,  37,  Nov.,  1916)  that  it  is  one  which  should  be  read  by 
the  neurologist,  the  ophthalmic  surgeon  and  by  everyone  interested 
in  cerebral  surgery. 

The  very  useful  plan  has  been  adopted  of  reproducing  the  X-ray 
picture  in  duplicate.  Under  each  untouched  print  appears  a second 
picture,  in  which  details  lost  in  reproduction  have  been  intensified. 
This  appears  a very  practical  and  absolutely  fair  way  of  bringing 
before  the  reader  features  which,  although  undoubtedly  present  in 
the  untouched  picture,  are  with  difficulty  identified  in  the  absence 
of  personal  demonstration  by  the  author.  A large  number  of  cases 
deal  with  variations  in  the  sella  turcica,  and  the  authors  have  proved 
by  autopsy  in  certain  cases,  that  shadows  in  or  directly  above  the 
sella  are  due  to  areas  of  calcification. 

A general  conclusion  is  reached  that  uncalcified  brain  tumors  do 
not  cast  shadows  unless  the  tumor  tissue  has  invaded  the  accessory 
sinuses,  although  possibly  an  exception  has  to  be  made  in  regard  to 
some  hypophyseal  lesions  which  are  viewed  against  a dark  temporal 
fossa. 

Calcified  or  bony  tumors  cast  shadows  which  are  readily  recog- 
nied;  such  shadows  may  occur  as  frequently  as  in  6 per  cent,  of  all 
patients  with  brain  tumor.-  One  case  of  exceptional  interest  is  that 
of  a large  aneurism  of  the  internal  carotid  artery,  in  which  two  cal- 
cified areas  gave  shadows  in  the  shape  of  more  or  less  concentric 
thin  lamellae.  The  authors  point  out  that  erosion  of  the  sella  tur- 
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cica  and  destruction  of  its  posterior  clinoid  processes  are  not  con- 
clusive evidence  of  pituitary  tumor.  Such  bony  changes  may  be 
due  to  the  local  pressure  of  tumors  arising  in  an  adjacent  part,  or 
even  to  a general  increase  of  intra-cranial  pressure  arising  from  cere- 
bral 01  sub-tentorial  lesions;  while,  on  the  other  hand,  pituitary  tu- 
mor may  be  present  with  very  little  or  no  change  in  the  sella  turcica. 
These  two  facts  emphasize  the  necessity  for  the  combined  study  of 
clinical  and  radiographic  signs  in  all  eases. 

The  X-ray  work  at  the  Johns  Hopkins  Hospital  has  been  brought 
to  such  a state  of  perfection  that  the  author  are  able  to  recognize 
and  to  illustrate  such  valuable  signs  as  general  enlargement  of  the 
skull,  allowed  for  by  opening  up  of  the  sutures  of  the  calvarium, 
and  thinning  with  general  convolutional  atrophy  of  the  skull;  and 
they  point  out  that  such  manifestations  are  generally  associated 
with  lesions  below  the  tentorium  cerebelli,  which  have  induced  hy- 
drocephalus, although  one  such  case  in  their  series  was  due  to  a supra- 
sellar lesion  causing  an  obstructive  hydrocephalus,  initiated  in  the 
third  ventricle.  They  have  also  been  able  to  identify  in  their  X-ray 
pictures  such  remarkable  conditions  as  calcification  in  the  choroid 
plexus,  calcification  in  the  pineal  gland  and  in  the  falx  cerebri,  en- 
largement of  the  internal  auditory  meatus,  and  the  presence  of  an 
enlarged  intracranial  vein  and  its  tributaries. 

Radiometer.  This  instrument  consists  of  four  horizontal  arms  of  very 
fine  glass,  carefully  pivoted  so  as  to  revolve  easily ; the  tips  of  the 
arms  having  pith  discs  blackened  on  one  side.  The  whole  is  con- 
tained in  a glass  vessel  almost  exhausted  of  air.  When  exposed  to 
light  or  heat  the  arms  move  around,  more  or  less  swiftly  according 
to  the  strength  of  the  rays.  The  radiometer  was  invented  in  1873- 
76  by  Crookes. 

This  term  is  also  used  to  define  an  apparatus  for  measuring  the 
penetrating  power  of  the  x-rays. 

Radio-micrometer.  An.  apparatus  for  measuring  the  penetrating 
power  of  X-rays. 

Radiophone.  Any  device  for  the  production  or  transmission  of  sound 
by  radiant  energy,  ,as  a photophone  or  thermophone.  An  instru- 
ment similar  to  the  photophone,  in  which  a block  of  vulcanite  or  of 
some  similar  substance  is  used  as  a receiver,  without  a telephone, 
the  vibratory  expansion  and  contraction  caused  by  the  heat  of  the 
vibrating  beam  giving  out  an  audible  sound.  See  Bell’s  photo- 
phone. 

Radiopraxis.  Use  of  rays  of  light,  electricty,  etc.,  in  the  treatment 
of  disease. 
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Radioptican.  This  is  aii  instrument  which  projects  a brilliantly  illu- 
mined and  greatly  enlarged  image  of  post  card,  photograph  or  ob- 
ject on  any  white  screen.  Its  chief  value  is  as  a means  of  education, 
amusement  and  entertainment. 

Radioscopy.  The  examination  of  the  deep  structures  of  the  body  by 
means  of  Ronfgen  rays.  See  Radiography. 

Radiostereoscopy.  The  inspection  of  the  interior  organs  by  means  of 
the  Rontgen  rays. 

Radiotherapy.  The  treatment  of  disease  by  such  radioactive  agents 
as  the  Rontgen  rays,  radium  rays,  polonium  rays,  actinium  rays, 
thorium  rays,  mesothorium  rays,  etc.  See,  especially.  Radium  in 
eye  diseases,  as  well  as  Mesothorium,  p.  7660,  Vol.  X of  this  EncycLo- 
pedia.  To  the  matter  to  be  found  there  the  following  notes  are  ap- 
pended. 

With  a review  of  what  has  been  done  with  radium  in  ocular  thera- 
peutics, Ryerson  {Oph.  Year-Book,  p.  37,  1912)  records  his  own 
experiences.  He  warns  against  the  danger  of  its  caustic  effect  upon 
tissues  exposed  to  its  direct  action.  Except  for  epithelioma  a screen 
or  filter  of  lead,  tin,  or  aluminum  should  be  interposed  to  exclude 
the  alpha-rays.  He  has  used  a 'square  containing  4 mg.  of  radium 
bromid  and  covered  with  impermeable  varnish.  This,  with  the  use 
of  a lead  filter,  can  be  applied  to  the  lids  for  one  hour.  He  reports 
a case  of  rodent  ulcer  of  twelve  years’  standing  almost  completely 
healed  in  three  months  by  applications  of  one-half  hour  to  one 
hour  at  intervals  of  three  or  four  weeks.  A tumor  of  the  eyebrow, 
excised  and  found  to  be  small-celled  sarcoma,  recurred  within  three 
weeks  and  grew  rapidly.  The  radium  was  applied  one  hour  daily 
for  eleven  days,  when  the  tumor  gradually  disappeared.  Two  fur- 
ther treatments  of  one  hour  each  were  given  at  intervals  of  four 
weeks.  After  one  year  there  was  no  sign  of  recurrence.  Ryerson 
has  successfully  treated  with  radium  corneal  ulcers,  including  a 
recurrent  vascular  ulcer,  an  extensive  sloughing  ulcer,  and  a deep 
infiltrating  ulcer  that  had  resisted  other  means  of  treatment.  Ry- 

■ erson  also  suggests  a trial  of  radium  for  certain  forms  of  limited  len- 
ticular opacity  and  opacities  in  the  vitreous. 

A ease  of  epithelioma  of  the  lower  lid,  reported  by  Hirsch,  was 
so  extensive  that  excision  would  have  included  the  whole  lid.  It 
was  treated  with  x-rays,  four  exposures  in  as  many  weeks,  and  sub- 
sequently with  radium,  applied  four  times  weekly.  At  the  end  of 
eight  months  there  was  complete  healing  with  a useful  lid  and 
comparatively  slight  scar.  Chalupecky  has  experimented  with  water 
containing  radio-active  substances.  Its  injection  under  the  con- 
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jmictiva  and  into  the  vitreous  of  rabbits  was  not  followed  by  sup- 
puration, possibly  on  account  of  a bactericidal  action.  It  showed 
a trace  of  radio-activity  thirty  hours  after  injection.  Benedetti 
has  employed  preparations  of  radium  bromid  in  the  ordinary  ve- 
hicles, such  as  water,  glycerin  and  vaselin,  ai;id  finds  they  rapidly 
cure  keratitis  caused  by  the  pneumococcus,  staphylococcus  and  di- 
plobacillus.  They  are  beneficial  in  all  forms  of  conjuntivitis,  and 
have  especial  value  in  trachoma.  For  this  disease  he  used  an  oint- 
ment (also  containing  copper  citrate),  and  reports  among  300  cases 
15  per  cent,  cures  in  the  first  month,  and  40  per  cent,  within  three 
months,  while  6 per  cent,  resisted  the  treatment. 

Flemming  {Oph.  Year-Book,  p.  31,  1913)  applies  radium  and  me- 
sothorium  by  the  following  method:  The  metal  is  spread  on  linen 
in  the  form  of  the  relatively  insoluble  carbonate,  embedded  in  paraf- 
fin and  enclosed  in  aluminum  and  gutta-percha  in  a frame,  one  side 
of  which  is  further  protected  by  a layer  of  lead  1 mm.  thick.  The 
normal  human  eye  can  be  subjected  to  this  radium  preparation 
(3  to  5 mgm.)  for  4%  horn’s  intermittently,  and  for  two  hours 
continuously,  without  permanent  disturbance  being  produced;  the 
corresponding  periods!  for  mesothorium  being  9^  hours  and  45 
minutes.  Asthenic  ulcers  of  the  cornea  which  had  not  yielded  to 
other  remedies  healed  rapidly  under  radium,  leaving  remarkably 
little  opacity.  In  serpent  ulcer,  gonorrheal  ulcer,  phlyctenular  and 
parenchymatous  keratitis,  leukoma,  and  corneal  sclerosis,  no  partic- 
ular advantage  was  observed  from  the  use  of  the  metal.  In  iritis,  al- 
though pain  was  relieved,  there  was  no  objective  improvement.  In 
some  cases  of  trachoma  the  follicles  rapidly  subsided,  while  in  oth- 
ers there  was  no  gain  after  several  months’  treatment.  Small  tumors 
were  almost  always  favorably  influenced. 

Chalupecky’s  microscopic  studies  of  tissues  subjected  to  various 
modes  of  radio-activity  point  to  the  X-ray  as  the  most  powerful. 
This  may  be  due  to  the  fact  that  the  X-ray  can  be  applied  directly 
to  the  eyeball,  whereas  radium  and  mesothorium  must  act  through 
the  lids.  The  action  of  mesothorium  appears  to  closely  resemble 
that  of  radium,  although  the  former  is  much  less  expensive.  Fusita’s 
studies  with  frogs  showed  no  change  in  the  retinal  tissues  after  ex- 
posure to  radium.  The  comeal  endothelium  of  the  rabbit  showed 
vacuolization  and  stmctural  changes,  but  there  were  no  alterations 
in  the  epithelium  of  the  lens.  Radium  was  found  to  quickly  reduce 
the  follicles  of  trachoma,  but  to  have  little  influence  on  the  infil- 
trating cells. 

Rauch  insists  that  for  the  proper  understanding  of  X-ray  therapy 
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every  case  report  should  state  the  strength  of  current,  hardness  of 
tube,  time  of  exposure  and  distance  of  the  tube  from  the  part  treat- 
ed. A dose  which  produces  erythema  is  always  excessive  and  injuri- 
ous in  treatment  of  the  eye.  Divided  doses  produce  a greater  effect 
than  a single  radiation  or,  in  other  Avords,  a cumulative  effect 
is  developed. 

Harrison  Butler  {Br.  Jour,  of  Ophthulm.,  p.  64,  Jan.,  1917)  has 
reviewed  the  paper  of  Deutschmann  {Zeitschr.  fiir  Aiigenheilk., 
March- April,  1915)  on  this  subject. 

He  describes  a case  in  which  one  eye  had  been  removed  after 
an  accident.  Later,  a melanotic  growth  was  discovered  in  the  re- 
maining eye.  Rather  than  excise  it  at  once,  Deutschmann  decided 
to  try  the  effect  of  mesothorium.  He  obtained  a capsule  coated  with 
an  equivalent  of  100  milligrammes  of  pure  mesothorium.  The  salt 
was  covered  with  a silver  plate,  which  served  as  the  first  filter.  A 
rubber  covering  acted  as  second  filter.  An  incision  was  made  in  the 
conjunctiva  and  a pocket  fashioned  into  which  the  flat  capsule  was 
introduced.  It  was  left  in  situ  for  an  hour.  This  treatment  was 
repeated  upon  several  occasions. 

Deutschmann  described  the  gradual  recession  of  the  tumor.  Un- 
fortunately, the  patient  returned  to  South  America,  and  nothing 
further  was  heard  of  him.  This  fact  robs  the  communication  of  all 
interest,  for  most  probably  he  went  the  way  of  most  cases  of  unop- 
erated melanotic  sarcoma. 

Raidish.  Raphanus  sativus.  Radish,  reduced  to  a pulp  and  mixed 
■v\fith  honey,  was  a favorite  remedy  in  ancient  Greco-Roman  times 
for  ecchymosis  of  the  eyelids. — (T.  H.  S.) 

Radium  in  eye  diseases.  This  is  the  most  characteristic  of  those  sub- 
stances which  possess  the  property  of  radio-activity,  i.  e.,  have  the 
power  of  producing  photographic,  electric  and  other  effects  by  a 
process  identical  with,  or  analogous  to,  radiation.  The  property 
was  first  observed  in  uranium  by  Becquerel  in  1896 — 'hence  the 
name  “Becquerel  rays.”  In  1898  Schmidt  and  Madame  Curie  dis- 
covered almost  simultaneously  that  the  compounds  of  thorium  had 
the  same  radio-active  property;  and  further  elaborate  investigations 
led  to  the  discovery  of  polonium,  radium  and  actinium,  as  new  sub- 
stances with  radio-active  properties.  Polonium  was  the  name  given 
by  M.  and  Mme.  Curie  to  the  radio-active  component  of  the  bismuth 
separated  from  pitchblende.  Its  activity  is  transient.  In  the  new 
field  of  research  thus  opened  up  important  work  has  been  done  by 
Rutherford,  Crookes,  Ramsay,  Soddy,  Huggins,  and  others. 

Radium  is  derived  from  pitchblende,  in  which  it  exists  in  very 
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small  quantities.  After  a long-continued  process  of  fractional  chrys- 
tallization  it  has  been  prepared  in  the  form  of  a tolerably  pure  salt. 
Its  atomic  weight  is  high,  226.4  according  to  Madame  Curie,  who 
discovered  the  element  in  1902.  The  process  of  obtaining  the  ele- 
ment is  very  tedious.  Thus  at  Nogent-sur-Mame,  France,  one  to 
two  kilograms  of  impure  radium  bromide  are  procured  from  a ton 
of  pitchblende  residue  after  processes  extending  over  two  and  a half 
mouths.  In  1911  the  price  of  radium  salts  was  $80  a milligram. 

When  compounds  of  radium  are  first  prepared  they  become  self- 
luminous  (radiant),  glowing  in  the  dark.  This  luminosity  declines 
gradually  in  time.  Another  curious  property  of  radium  is  that  this 
element  is  able  to  maintain  itself  and  matter  in  the  immediate  vicin- 
ity at  a temperature  a little  higher  than  that  of  surrounding  mat- 
ter. At  first  sight  this  would  imply  a contradiction  of  the  second 
law  of  thermo-dynamics ; but  it  is  possible  to  explain  it  as  the  re- 
sult of  energetic  changes  going  on  in  the  atom.  The  radium  rays 
also  produce  effects  on  organic  matter,  and  certain  of  these  rays 
may  have  an  influence  in  destroying  malignant  tumors. 

The  most  delicate  method  for  studying  radio-activity  is  electrical, 
depending  upon  the  property  the  rays  have  of  ionizing  the  air  and 
rendering  it  a conductor  of  electricity.  When,  for  example,  the 
rays  are  allowed  to  pass  in  the  neighborhood  of  the  plate  of  a gold- 
leaf  electroscope,  the  latter  rapidly  loses  its  charge.  In  this  respect 
the  rays  are  similar  to  the  Rbntgen  rays.  By  means  of  elaborate, 
forms  of  apparatus  made  on  this  principle  it  has  been  established 
that  uranium,  thorium,  and  radium  give  off  (at  least)  three  dis- 
tinct kinds  of  rays.  These  have  been  called  the  a,  6 and  y ra3''S. 
The  a rays  have  been  proved  to  be  positively  charged  particles  of 
mass  about  twice  that  of  the  hydrogen  atom,  projected  with  a veloc- 
ity comparable  with  that  of  light.  The  6 rays  are  known  to  be 
negatively  charged  particles  identical  with  the  cathode  rays  in  a 
vacuum  tube,  the  mass  of  each  negatively  charged  particle  being 
about  the  thousandth  part  of  the  mass  of  a hydrogen  atom.  The  7 
rays,  which  are  very  penetrating,  are  similar  to  the  Rontgen  rays, 
and  are  probably  in  the  nature  of  disturbances  in  the  ether. 

Radium  and  thorium  have  a further  property — viz.,  the  power  of 
exciting  in  neighboring  bodies  the  same  radio-active  power;  which, 
however,  exists  only  for  a time.  This  is  due  to  a material  emana- 
tion which  has  all  the  properties  of  a gas  in  very  small  quantities. 
According  to  the  observations  of  Ramsay  and  Soddy,  the  radium 
emanation,  if  preserved,  changes  gradually  into  helium — or  at  any 
rate  the  spectrum  of  the  substance  shows  in  time  increasing  traces 
of  helium. 


RADIUM  IN  EYE  DISEASES 


10853 


These  and  many  other  facts  suggest  that  the  atoms  of  radium  and 
the  other  radio-active  substances  are  in  process  of  disintegration; 
and  this  view  has  been  elaborated  into  a fairly  consistent  theory. 
The  theory  is  based  upon  the  general  statement  that  the  radio-activ- 
ity of  radium,  thorium,  and  uranium  is  maintained  by  the  contin- 
uous production  of  new  kinds  of  matter  which  possess  temporary 
activity.  The  emanations  which  are  characteristic  of  thorium  and 
radium  are  the  result  of  the  , production  of  this  matter.  Radio- 
activity is  mainly  due  to  the  a rays  which  ultimately  become  ab- 
sorbed. These  rays  are  streams  of  positively  charged  particles  pro- 
jected from  the  body,  probably  the  positively  charged  portions  of 
neutral  atoms,  or  at  least  what  is  left  of  the  neutral  atom  when  one 
negative  electron  has  been  driven  out  of  it.  The  B rays  are  com- 
posed of  the  negatively  charged  particles  or  electrons.  The  high 
velocity  with  which  these  rays  are  projected  betokens  a remarkable 
transformation  of  energy,  and  explains  the  production  of  heat  in 
bodies  in  the  vicinity.  The  fact  recently  established  by  Rutherford, 
that  the  heating  etfect  and  the  radio-activity  as  measured  by  the 
a rays  follows  much  the  same  law  as  regards  their  behavior  under 
varied  conditions,  shows  that  they  are  comcomitants  of  the  same  - 
series  of  material  changes. 

Radio-activity  has  been  discovered  in  certain  mineral  waters  and 
deep  wells,  and  is  probably  possessed,  though  in  a very  minute  de- 
gree, by  other  substances  than  those  which  are  conspicuously  radio- 
active. Thus  freshly  fallen  snow  and  freshly  fallen  rain,  when 
evaporated  to  dryness,  leave  a radio-active  residue.  The  fact  that 
the  phenomenon  is  strongly  marked  in  substances  with  high  atomic 
weights  indicates  a comparative  instability  in  such  complex  atoms; 
and  the  breaking  up  of  these  complex  atoms  must  mean  the  final  disap- 
pearance of  the  radio-active  substances  as  chemical  elements.  In  their 
place  will  be  found  ultimately  the  inactive  constituents  of  the  ema- 
nations, such  as  argon  or  helium.  ( Sto/ndard  Encyclop&dia.) 

Wm.  J.  Sehieffelin  in  a paper  read  before  the  Am.  Pharmaceutical 
Soc.,  Aug.  25,  1914,  remarks  that  the  energy  resulting  from  the 
resolution  of  an  element  into  its  constituent  parts*  is  vastly  greatei 
than  that  resulting  from  chemical  combination.  The  largest  amount 
of  energy  released  in  any  known  chemical  reaction  is  from  the  com- 
bination of  equal  volumes  of  hydrogen  and  oxygen  to  fonn  water, 
but  the  emanation  of  radium,  in  its  successive  transformation,  ac- 
companied by  the  expulsion  of  alpha  rays,  yields  more  than  ten 
million  times  as  much  energy.  Ninety-five  per  cent,  of  the  energy 
in  the  radiation  from  radium  and  its  subsecpient  products  is  in  the 
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form  of  the  alpha  radiation,  a corpuscular  radiation  in  which  the 
corpuscles  or  alpha  particles  are  positively  charged  helium  ions. 

A milligram  of  radium  expels  136  million  separate  alpha  particles 
per  second,  which  are  made  visible  in  a spinthariscope.  The  alpha 
rays  emitted  from  one  three  thousand  millionth  of  a grain  of  ra- 
dium can  be  detected  by  the  gold-leaf  electroscope.  The  rays  are 
given  out  uniformly  in  all  directions  in  the  form  of  continuous  vol- 
leys of  tiny  projectiles  travelling  at  a rate  of  12,000  miles  per  sec- 
ond. Their  range  is  nearly  three  inches  in  air  and  many  yards  in 
a vacuum.  They  are  not  penetrating,  being  absorbed  by  thin  sheets 
of  aluminum,  paper  or  glass.  Only  a small  fraction  of  the  alpha 
particles  is  set  free,  unless  the  radium  salt  is  spread  out  so  as  to 
present  the  largest  possible  surface. 

The  emanation  is  a gas,  which  in  turn,  steadily  disintegrates  into 
alpha  particles  and  radium  A,  from  which  in  the  same  wav  come 
radium  B,  C,  D,  E,  and  F in  succession.  It  is  from  these  products, 
especially  in  radium  C,  that  the  beta  and  gamma  rays  are  given  off. 
The  beta  rays  are  electrons  of  negative  electricity,  the  same  as  the 
cathode  rays,  except  that  the  velocity  of  the  beta  particles  is  much 
greater,  approaching  the  velocity  of  light,  186,000  miles  a second. 

The  gamma  rays  are  not  considered  to  be  particles  of  matter,  but 
are  Avaves  in  the  ether  similar  to  the  X-rays.  They  are  far  more 
penetrating  than  the  alpha  and  beta  rays,  and  are  used  in  the  ex- 
ternal application  of  radium  in  cancer,  the  others  being  easily  ex- 
cluded by  thin  metal  filters. 

The  emanation  ha.s  an  atomic  weight  of  222,  and  a characteristic 
bright  line  spectrum.  It  belongs  in  the  group  of  inert  monatomic 
gases  with  helium  and  argon.  It  is  not  absorbed  by  any  knowm  re- 
agent and  shows  no  power  of  chemical  combination.  The  emanation 
is  100,000  times  as  active,  weight  for  weight,  as  radium.  Like  other 
gases,  it  can  be  collected,  confined  and  handled  in  ordinary  glass 
containers.  This  is  usually  done  only  when  it  is  mixed  Avith  enor- 
mously greater  volumes  of  air  or  other  gases.  Like  other  gases,  the 
radium  emanation  is  somewhat  soluble  in  AA^ater.  It  disintegrates  at 
the  rate  of  one-half  in  about  four  days,  and  since  the  radioactive 
products  into  Avhich  the  emanation  disintegrates  decay  at  the  rate 
of  one-half  in  a fcAV  minutes,  it  follows  that  the  total  radiation  from 
the  emanation  and  the  subsequent  disintegi’ation  products  decreases 
at  the  same  rate  as  the  emanation,  namely  one-half  in  about  four 
days. 

When  water  with  emanation  in  solution  is  left  in  an  open  bottle 
the  emanation  diffuses  out,  and  if  the  Avatcr  is  shaken  up  or  othcrAvise 
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disturbed  the  process  of  diffusion  of  the  emanation  is  accelerated, 
h'rom  10  to  30  per  cent,  of  the  emanation  in  solution  in  water  may 
be  lost  by  pouring  from  one  vessel  to  another. 

The  strength  of  radioactive  water  is  usually  expressed  in  Mache 
units  per  litre.  Radioactive  water  of  2,700  Mache  units  contains  per 
litre  as  much  emanation  as  is  emitted  in  thirty  days  by  one  micro- 
-ram  of  radium  (1  Mache  unit  equals  0.001  electrostatic  units,  one 
of  which  equals  3.33  by  10-^°  amperes).  The  radioactivity  of  water 
is  measured  hy  fontactoseope,  which  is  an  electroscope  with  a cham- 
ber for  ionized  air  and  a scale  for  measuring  and  timing  the  dis- 
charge. The  instrument  is  standardized  by  first  testing  a solution 
of  a known  amount  of  radium  chloride  which  has  been  sealed  thirty 
days.  Great  care  must  be  used  in  sampling  the  water. 

Water  is  charged  either  by  dissolving  the  soluble  bromide  or 
chloride  of  radium  or  by  submerging  the  insoluble  sulphate.  The 
latter  is  more  economical,  but  the  sulphate  must  be  in  a minute 
state  of  sub-division  and  must  present  the  largest  possible  surface. 
There  are  several  ways  of  accomplishing  this:  First  Precipitat- 
ing the  sulphate  on  asbestos  and  placing  it  in  a porous  cell.  Sec- 
ond-Mixing it  with  charcoal  and  forming  into  slabs.  Third— Mix- 
ing it  with  cement  and  forming  balls.  Fourth — Mixing  it  with  clay 

and  firing  it,  forming  terra  cotta. 

Most  of  these  processes  are  protected  by  patents.  The  advantage 
of  using  an  insoluble  salt  is  that  it  can  be  employed  repeatedly  and 
its  use  continued  indefinitely.  The  terra-cotta  rods  can  be  used 
eighteen  hundred  years  and  still  have  half  their  radium  content 

3/ V 3i  1 1 1 0 

Moreover,  they  avoid  introducing  into  the  organism  a permanent 
radio-active  body,  as  is  done  if  a soluble  salt  is  administered. 

While  a given  amount  of  radium  always  emits  a constant  and 
uniform  amount  of  emanation,  the  proportion  given  out  hy  an  in- 
soluble salt  depends  upon  its  state  of  sub-division.  In  the  insolu- 
ble salts  most  of  the  emanation  is  occluded  by  the  salt  itself ; in  com- 
pact form  the  sulphate  will  only  yield  two  and  a half  per  cent., 
while  if  it  is  finely  powdered  and  divided  so  that  it  presents  a large 

surface,  ten  per  cent,  can  be  obtained. 

A uniform  strength  of  emanation  is  obtained  when  the  same 
amount  of  radium  sulphate  is  held  in  the  same  state  of  sub-division, 
submerged  in  the  same  volume  of  water  for  the  same  length  of 

time. 

If  it  is  desired  to  prepare  doses  of  100  Mache  units,  and  the  sul- 
phate can  be  held  in  such  a state  that  ten  per  cent,  of  its  cmaiia- 
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tion  IS  available  (as  is  the  case  when  distributed  through  porous  terra 
cotta)  it  will  be  convenient  to  use  an  amount  of  radium  which  would 
yield  2,000  Mache  units  and  submerge  for  four  days  in  tightly  closed 
containers,  when  one  half  of  ten  per  cent,  or  100  Mache  units  will  be 
obtained. 

The  stronger  natural  springs  contain  from  one  to  two  hundred 
Mache  units  per  litre,  with  which  they  are  charged  while  flowing 
over  radio-active  minerals  or  passing  through  cavities  where  the 
emanation  has  collected.  The  reason  why  many  mineral  waters  when 
drunk  at  the  springs  give  therapeutic  results  unattainable  when  they 
are  bottled  and  transported,  is  the  speedy  dissipation  of  the  fugitive 
emanation,  which  is  reduced  to  one-half  in  four  days  unless  there 
is  a source  for  its  renewal.  The  means  of  renewing  the  radio-activity 
of  bottled  waters,  or  of  charging  any  water  with  emanation,  are  af- 
forded by  the  above  mentioned  devices,  and  the  physician  may  pre- 
scribe a drinking  cure  which  can  be  carried  out  with  precision  in 
the  patient’s  home. 

The  chief  effect  of  the  radiations  from  radium  and  its  disintegra- 
tion products  is  to  produce  an  ionization  of  the  atoms  of  whatever 
substance  the  rays  penetrate.  Chemical  effects  follow  as  a second- 
ary result  of  the  ionization.  Von  Noorden  and  Falta  say  that  in 
contradistinction  to  all  other  forms  of  electro-therapy,  we  possess  in 
the  radio-active  substances  a means  of  carrjdng  electrical  energy^ 
into  the  depths  of  the  body,  and  there  subjecting  the  juices,  proto- 
plasm and  nuclei  of  the  cells  to  an  immediate  bombardment  by  ex- 
plosions of  electrical  atoms.  We  may  therefore  designate  this  inter- 
nal treatment  with  radio-active  substances,  internal  electrotherapy. 

^ The  employment  of  radium  and  its  salts  in  ophthalmic  therapeu- 
tics has  been  to  some  extent  treated  under  Radiotherapy.  To  the 
matter  found  there  and  under  similar  captions  are  added  the  fol- 
lowing observations. 

An  early  use  of  radium  was  reported  by  Thiebault  {La  Clinique 
Ophtal.,  Dec.  10,  1906)  who  in  1886  removed  a crust-covered  ulcer- 
ous growth  about  the  size  of  a lentil.  In  1892,  when  the  disease 
was  apparently  arrested,  a new  lesion  appeared  in  the  shape  of 
a dermic  hypertrophy  which  two  years  later  rapidly  ulcerated.  This 
ulcer  w^  cured  by  galvanocautery.  Another  attack  occurred  in 
1898,  which  was  cured ; but  again  recurrence  of  the  disease  took  place, 
the  growth  involving  not  only  the  skin,  but  the  orbital  muscle,  tarsus 
and  the  mucosa  also.  This  was  cured  by  radiotherapy,  but  a re- 
turn of  the  lesion  occurred  in  six  months.  Thiebault  now  made  229 
applications  of  radium  of  an  average  duration  of  30  minutes  each 
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successfully;  and  the  patient  got  into  the  hands  of  empirics.  A sec- 
ond case,  one  of  facial  epithelioma  with  preauricular  lymphatic  en- 
largement, was  cured  by  eight  applications  of  the  radium.  Thie- 
bault  reports  also  two  cases  of  episcleritis  cured  by  radium.  He  has 
also  had  success  with  radium  in  the  treatment  of  trachoma. 

At  the  July,  1909,  meeting  of  the  Ophthalmological  Society  of 
the  United  Kingdom  Arnold  Lawson  said  that  cases  for  experiment 
with  radimn  had  been  selected  from  the  out-patient  clinic  of  Moor- 
fields  Hospital,  and  were  selected  as  instances  of  maladies  which 
usually  proved  obstinate,  or  only  improved  slowly  under  the  ordinary 
forms  of  treatment,  or  else  were  of  an  active  or  virulent  nature  and 
so  required  drastic  measures.  Only  17  cases  had  so  far  been  tried, 
but  in  every  case  the  result  of  exposure  to  radium  had  been  very 
encouraging.  Most  of  the  cases  were  comeal  ulceration,  four  were 
non-ulcerative  lesions,  and  one  was  episcleritis.  After  one  applica- 
tion of  five  minutes  to  a hypopyon  there  was  distinct  benefit.  For 
instance,  a man  aged  35,  gave  a history  of  injury  to  the  right  eye; 
there  was  deep  ulceration  with  grey  infiltration  of  an  area  of  4 mm., 
with  a large  hypopyon;  twenty-nine  milligrams  of  radium  were  ap- 
plied for  five  minutes  and  five  days  later  the  injection  subsided  and 
the  hypopyon  had  disappeared — ^two  days  after  a second  application 
of  three  minutes  the  man  was  discharged  from  the  hospital,  the  eye 
being  not  quite  white,  but,  for  all  practical  purposes,  well.  Other 
cases  also  did  very  well  from  the  treatment.  In  all  instances  the 
only  other  measures  used  were  boric  lotions  and  atropin.  Some  punc- 
tate erosions  were  similarly  treated,  and  gave  equally  encouraging 
results,  as  did  cases  of  old  standing  trachomatous  pannus,  except 
in  one  case,  in  which  there  was  increased  vascularity  after  the  treat- 
ment. The  dosage  of  radium  was  an  important  point;  a small  dose 
of  5 mg.  seemed  to  act  as  quickly  as  did  a much  greater  quantity. 
In  one  case  the  pain  after  the  application  endured  for  three  days, 
but  in  the  others  the  longest  time  was  twenty  hours. 

The  radium  was  applied  in  sealed  glass  tubes,  the  glass  cutting  off 
the  alpha  rays,  so  that  the  beta  and  gamma  rays  only  passed  through 
the  lesion. 

Jose  G.  del  Mazo  {Archivos  de  Oftalmalogia,  Sept.,  1911)  gave  the 
history  of  a patient,  aged  54,  with  a small  growth  on  the  lower  lid 
for  twelve  years.  This  had  remained  stationary  for  ten  years,  and 
had  then  grown  rapidly,  following  repeated  cauterizations  with  ni- 
trate of  silver.  A large  tumor  was  dependent  from  the  lower  lid 
and  ala  of  the  nose.  There  was  almost  continuous  hemorrhage  and 
the  patient’s  general  condition  was  deplorable.  The  preauricular 
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and  submaxillary  glands  were  enlarged-  After  a microscopic  diag- 
nosis of  pavement  epithelioma  had  been  made,  applications  of  radium 
(nine  centigrams  of  the  bromide)  were  instituted.  These  were  given 
almost  daily  and  lasted  for  from  fifteen  to  twenty-two  hours  each. 
The  eye  was  protected  with  lead.  Treatment  was  suspended  several 
times  on  account  of  marked  local  reaction  and  fever.  In  all,  the 
treatment  was  used  for  228  hours.  The  eyelashes  fell  out,  but  grew 
again.  The  lens  subsequently  became  catafactous.  Cure  of  the 
tumor  was,  however,  complete,  with  but  little  scar;  and  after  nine 
months  the  general  health  was  good,  and  there  was  no  sign  of  re- 
currence. 

C.  H.  May  {Ophthalmology,  July,  1912)  to  test  the  value  of  ra- 
dium in  trachoma  used  celluloid  plates  coated  on  one  side  with  a film 
of  radium  bromid,  having  a radio-activity  of  25,000,  protected  by  a 
layer  of  water-proof  varnish;  the  plates  were  shaped  like  the  solid 
blade  of  an  entropion  forceps,  so  that  the  broad  or  coated  end  could 
be  readily  applied  to  the  trachomatous  surface  of  either  the  upper 
or  lower  lid,  and  the  celluloid  itself  might  act  as  a protection  to  the 
eyeball. 

The  method  of  application  was  the  following:  After  or  without 
previous  local  anesthesia,  the  broad  radium-coated  end  of  the  in- 
strument was  inserted  beneath  the  upper  lid  of  one  eye,  the  radium 
coating  pressed  against  the  granulations,  the  patient  then  holding 
the  plate  in  position ; at  the  end  of  ten  minutes  the  plate 
was  transferred  to  the  lower  lid,  with  the  radium  coating  next 
to  the  granulations ; thus  the  treatment  consumed  twenty  min- 
utes for  each  eye.  Possessing  four  of  these  plates,  several  patients 
could  be  treated  simultaneously.  The  radium  treatment  was  ap- 
plied to  the  right  eye  in  each  instance,  and,  by  way  of  control,  the 
left  eye  was  treated  in  the  usual  manner  with  sulphate  of  copper. 
The  plates  always  gave  rise  to  discomfort,  even  when  the  eye  had 
previously  been  anesthetized,  causing  irritation,  fachrymation,  and 
sometimes  pain;  this  may  have  been  due  to  the  mechanical  effect  of 
the  plate  pushed  between  the  lid  and  the  eyeball. 

Fifteen  patients  were  treated  in  this  manner.  Four  were  old  cases 
of  trachoma  with  beginning  cicatricial  changes,  without  pannus; 
four  represented  the  cicatricial  stage  in  great  part,  with  more  or  less 
pannus;  two  were  of  the  large  “frog-spawn”  variety;  three  were 
examples  of  ordinary  trachoma  of  moderate  severity  with  no  cicatri- 
cial development,  and  two  represented  the  so-called  mild  trachoma 
type  in  which  there  was  room  for  difference  of  opinion  as  to  whether 
they  were  real  trachoma  or  merely  catarrhal  conjunctivitis  with 
follicular  enlargement. 
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111  seven  cases  the  treatment  was  continued  three  months;  in  one 
case  four  months;  in  two  cases  five  months;  in  three  cases  six  weeks; 
in  two  cases  two  months;  the  radio-activity  was  25,000;  the  expo- 
sures were  repeated  every  two  or  three  days  and  lasted  ten  minutes 
for  the  upper  lid,  and  ten  minutes  for  the  lower  lid;  some  of  the 
cases  were  observed  for  long  periods  after  discontinuing  the  treat- 
ments. 

In  no  case  mas  the  result  of  the  treatment  loith  radium  as  good 
as  obtained  with  sulphate  of  copper;  radium  exercised  a favorable 
influence  upon  the  condition,  but  the  left  eyes  treated  with  sulphate 
of  copper  improved  more  rapidly  than  the  right  eyes,  which  were 
exposed  to  radium;  in  every  instance  the  patient  complained  more 
of  the  irritation  of  the  radium  plates  than  of  the  bluestone. 

Used  in  the  form  of  radium-coated  celluloid  plates,  the  results  ob- 
tained in  the  treatment  of  trachoma  did  not  warrant  the  adoption 
of  this  remedy  in  place  of  other  means  which  are  more  or  less  satis- 
factory. It  may  be  argued  that  had  the  radium  been  used  in  more 
concentrated  form  in  glass  tubes,  the  results  might  have  been  bet- 
ter and  more  in  conformity  with  the  reports  of  those  investigators 
who  have  been  favorably  impressed  with  the  action  of  this  remedy ; 
but  there  are  a great  many  difficulties  associated  with  the  use  of 
radium  in  concentrated  form  in  glass  tubes,  and  when  these  draw- 
backs were  removed,  by  using  coated  plates,  the  results  were  less 
satisfactory  than  those  obtained  with  the  stick  of  sulphate  of  cop- 
per. 

Treacher  Collins  (Oph.  Review,  p.  187,  June,  1909)  described  a 
case  in  which  an  epibulbar  epithelioma  completely  disappeared  after 
the  application  of  radium  bromide.  A man,  set.  80,  had  a new- 
growth  about  10  mm.  in  diameter  at  the  limbus  in  his  left  eye.  It 
had  formed  in  two  years,  and  was  gradually  increasing  in  size.  A 
small  piece  was  cut  off,  and  microscopical  examination  showed  it  to 
be  an  epithelial  growth,  which  was  extending  into  and  infiltrating 
the  episcleral  areolar  tissue.  At  the  Radium  Institute  the  patient 
had  10  mg.  of  radium  bromide  on  a circular  disc  1 cm.  in  diameter, 
unscreened;  it  was  held  continuously  over  the  growth  for  fifty  min- 
utes by  a relay  of  assistants.  After  this  the  growth  gradually  dis- 
appeared. At  the  end  of  a fortnight  only  a thickening  at  the  mar- 
gins was  left.  Five  months  since  the  treatment  all  that  could  be 
seen  at  the  site  was  a smooth  greyish  sear. 

McKenzie  Davidson  and  Arnold  Dawson  {Oph.  Review,  p.  181, 
June,  1909)  report  the  cure  of  a case  of  spring  catarrh  l)y  radium. 
The  patient  was  first  seen  in  April,  1905,  suffering  from  laehryma- 
tion  and  slight  conjunctival  discharge  which  had  lasted  nearly  a 
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year.  On  examination,  there  appeared  the  typical,  flat-topped  eleva- 
tions of  spring  catarrh  scattered  in  great  numbers  all  over  the  pal- 
pebral conjunctiva,  with  a good  deal  of  reddening  and  some  viscid 
discharge.  The  bulbar  conjunctiva  was  healthy,  there  was  no  pain, 
and  the  cornea  was  quite  clear,  but  the  irritability  was  most  marked 
in  the  morning.  Eosinophile  bodies  were  found  in  great  abund- 
ance in  the  conjunctival  secretion.  The  treatment  at  first  adopted  of 
complete  rest  for  the  eyes,  with  4 per  cent,  yellow  oxide  of  mercury 
ointment,  only  made  the  condition  worse,  so  that  2 gr.  to  the  5i  eop- 
}ier  drops  were  substituted,  which  appeared  to  give  considerable 
relief  for  a time.  Four  months  later,  after  a visit  to  the  seaside, 
there  was  great  exacerbation  of  the  symptoms,  but  the  condition  re- 
sponded again  to  treatment,  so  that  there  was  a temporary  improve- 
ment until  January,  1906. 

As  there  appeared  no  sign  of  the  catarrh  yielding  to  the  methods 
of  treatment  so  far  employed,  it  was  decided  to  try  cautiously  the 
effect  of  radium;  and  at  first  the  left  eye,  being  the  worse  of  the 
two,  was  subjected  to  exposure  while  the  right  eye  was  left  alone. 
In  all,  eight  sittings  were  given  between  February  6,  1906,  and 
January  9,  1907,  both  eyes  being  treated  except  on  the  first  occa- 
sion; 44  milligrams  of  radium  being  applied  for  periods  varying 
from  5 — 15  minutes,  generally  the  latter.  The  condition  began  to 
show  immediate  signs  of  improvement,  and  at  the  end  of  the  time 
stated  both  conjunctivae  were  perfectly  cured,  and  all  the  enlarged 
pupillfE  had  completely  disappeared.  During  the  whole  of  1907  the 
boy  was  kept  under  observation  and  went  to  school  as  usual.  He 
was  last  seen  on  January  12,  1909,  when  no  trace  of  recurrence  was 
visible;  there  was  slight  irregular  coloration  of  the  conjunctiva,  and 
that  covering  the  tarsus  was  yellowish-white  and  bloodless.  Judging 
from  the  few  cases  which  he  had  treated  in  this  way  Lawson  consid- 
ered that  more  successful  results  followed  few  sittings  and  a com- 
paratively large  dose  of  radium,  rather  than  frequent  sittings  with 
a smaller  dose  of  the  salt.  See,  also.  Vernal  conjunctivitis. 

A danger  from  the  use  of  radium  in  a varnish,  placed  upon  the 
skin  for  angioma,  cancroid,  or  eczema,  was  pointed  out  by  Courmelle 
(1909).  In  the  ease  of  an  infant  a piece  of  the  varnish  became  de- 
tached, and  might  have  resulted  in  a very  serious  bum  had  it  re- 
mained long  within  the  conjunctiva. 

Roselli  has  used  radium  without  meeting  with  the  slightest  reac- 
tion in  the  tissues  of  the  eye. 

Almann  in  the  treatment  of  cancer  with  radium  has  met  with 
irritation  which  disappeared  when  the  application  was  suspended 
for  two  or  three  days.  The  duration  of  the  treatment  was  three  or 
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four  montlis.  The  deeper  parts  of  the  tumor  were  not  influenced  by 
the  applications. 

If  we  are  to  believe  Matagne  {Ann.  de  la  Folicliniqne  Centrale, 
Nov.,  1912)  eczema,  angioma,  nsevus,  lupus  and  malignant  tumors  of 
the  eyelids,  as  well  as  trachoma,  spring  catarrh,  pterygium,  and 
epithelioma  of  tlie  conjunctiva,  to  say  nothing  of  ulcers  of  the  cor- 
nea and  leucomata,  are  all  favorably  influenced  by  radium. 

Edward  Heckel  {Arch,  of  Ophthal.,  Sept.,  1916)  reports  a case 
of  melanosarcoma  of  the  orbit  in  a man  aged  48  years.  The  orbital 
growth  followed  an  enucleation  of  the  eye  for  a melanosarcoma.  In- 
cision was  made  into  the  orbit  and  fifty-three  milligrams  of  radium 
element,  in  a silver  capsule  and  screened  by  lead  and  a rubber  tube, 
was  inserted  and  left  for  eleven  and  one-half  hours.  Eight  months 
later  there  was  slight  recurrence  and  an  application  of  fifty-three 
milligrams  of  radium  was  made  for  twelve  hours.  Six  months  later 
the  orbit  was  curetted  and  one  hundred  milligrams  of  radium  was  in- 
serted and  left  in  place  for  fourteen  hours.  Ten  months  later  there 
was  no  pain  or  discomfort  in  the  orbit  and  no  increase  in  the  orbital 
contents.  There  was,  however,  an  extensive  involvement  of  the  liver, 
spleen,  and  pleura. 

The  author  believes  that  an  electro-cautery  knife  could  preferably 
be  used  to  remove  the  mass  from  the  orbit  and  then  introduce  one 
hundred  milligrams  of  radium  element  and  allow  it  to  remain  twelve 
hours. 

W.  H.  Jessop  {Trans.  Ophthal.  Soc.  U.  K.,  p.  245,  Vol.  36,  1916) 
gives  the  history  of  a man,  aged  55,  who  had  been  engaged  in 
X-ray  work  for  many  years,  and  had  in  consequence  lost  all  the 
fingers  of  one  hand.  He  developed  a swelling  towards  the  centre 
of  the  left  upper  lid,  1 cm.  in  diameter  and  0.5  cm.  in  height.  The 
growth  ulcerated  from  time  to  time.  It  was  diagnosed  by  the 
writer  as  an  epithelioma.  It  had  been  treated  without  success 
with  glacial  acetic  acid  and  the  actual  cautery,  and  excision  had 
been  recommended.  Jessop  removed  the  accessible  portions  of  the 
growth,  and  10  mg.  of  pure  radium  bromide  was  applied,  without 
a screen,  for  one  hour.  There  was  marked  reaction.  No  recurrence 
in  two  months.-  See,  also,  Radiotherapy. 

Radius.  A semidiameter ; one  of  a number  of  lines  extending  from  a 
centre. 

Radius,  Justus.  A well  known  German  ophthalmologist,  who  in  later 
life  abandoned  ophthalmology  and  devoted  himself  almost  exclu- 
sively to  hygiene  and  pharmacology.  Born  at  Leipsic,  Nov.  14,  1797, 
he  received  his  medical  degree  (at  the  University  of  Leipsic)  in  1822. 
After  a number  of  scientific  journeys,  he  settled  in  Leipsic,  and  be- 
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came  extraordinary  professor  of  ophthalmology  at  the  University 
in  1825.  He  had  an  extremely  large  ophthalmic  practice,  but  never 
completely  abandoned  general  medicine.  In  1872  he  celebrated  the 
semi-centennial  of  his  doctorate,  and,  in  1882,  the  60th  anniversary 
of  that  dignity.  lie  died  Mar.  7,  1884. 

Radius’s  ophthalmologic  writings  are  as  follows: 

1.  Scriptores  Ophtlwlmolagici  Minores.  (3  vols.,  Leipsic,  1826- 
1830.) 

2.  Hamdwcrterbiich  der  Gesamten  Chirurgie  und  Aiigenheil- 
hunde.  (6  vols.,  1836-1840.  In  conjunction  with  Walther  and  Jae-' 
ger.) 

3.  Ueber  die  Sogenannte  Agyptische  Augen-Entziindung  uml 

deren  Jetzige  Behandlung  in  England.  {J.  d.  Chir.  «.  Augenh.  von 
Graefe  und  Walther,  V,  297-304,  1823.) 

4.  Ueber  einige  Aiigenkrankheiten,  die  Vorziiglich  haufig  in  Eng- 
land Vorkommen.  {Ibid.,  VII,  370-389.)  — (T.  H.  S.) 

Radius  of  curvature.  The  radius  of  the  circle  of  curvature. 

Radix  nervi  optici.  (L.)  The  optic  tract. 

Ra^gi.  (It.)  Rays. 

Ragle.  (P.)  A visual  hallucination  (mirage)  observed  by  French 

troops  while  marching  through  the  desert,  in  which  water,  prairies 

and  even  ghosts  were  imagined  to  be  seen.  It  was  generally  caused 
by  isolation  and  insomnia,  and  was  followed  by  delirium. 

Rag  weed.  See  PoUantin,  p.  10306,  Vol.  XIII  of  this  Encyclopedia. 

Railroad  employees.  Examination  of  the  eyes  of.  See  Eyes  of  soldiers, 
sailors,  railway  and  other  employees,  Examination  of  the,  p.  5038, 
Vol.  VII  of  this  Encyclopedia. 

Railroad  coach  lighting.  This  subject  is  treated  in  a most  practical 
manner  by  the  Electrical  World,  p.  879,  Nov.  1,  1913.  Extensive 
and  carefully  conducted  tests  on  day-coach  lighting  were  made  un- 
der the  auspices  of  the  committee  on  illumination  of  the  Association 
of  Railway  Electrical  Engineers.  Tests  on  the  lighting  of  various 
interiors  afford  a striking  commentary  on  the  inefficiency  of  certain 
very  common  methods  of  steam  railway  car  lighting  as  compared  to 
the  efficiencj''  of  other  methods  which  are  better  in  appearance  and 
more  comfortable  to  the  passengers.  With  test  results  reduced  to 
an  equal  basis  of  66.6  lumens  per  running  foot  of  car,  there  was  a 
difference  between  the  systems  tested  ranging  from  2.42  ft.-candles 
for  the  most  efficient  translucent  reflector  equipment  dovm  to  1.03 
ft.-candles  for  the  least  efficient  of  the  lamp  equipments  tested. 

It  is  gratifying  to  know  that  the  bare  lamp  which  obtrudes  itself 
so  atrociously  in  the  vision  of  passengers  on  many  ears  is  next  to  the 
bottom  of  the  list  in  efficiency.  Since  it  is  both  inefficient  and  im- 
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comfortable,  railway  managements  can  no  longer  have  excuse  for 
continuing  its  existence.  The  standard  scjuare  diffusing  shade  reg- 
ularly used  in  sleeping  cars  also  makes  a very  poor  showing  with 
only  1.35  ft.-candles.  This  equipment  has  always  afforded  a strik- 
ing example  of  lack  of  attention  to  illuminating  engineering  with 
consequent  loss  of  money  to  the  operating  company  and  a loss  of 
illumination  for  the  use  of  the  passengers  in  such  cars. 

Clear  prismatic  reflectors  head  the  list  of  2.42  ft.-candles, 
with  heavy  density  opal  reflectors  a close  second  at  2.14 

ft.-candles.  The  latter,  on  account  of  their  ease  of  cleaning  when 
of  proper  design,  should  find  extensive  use  in  railway  car  lighting. 
As  might  be  expected,  the  highest  efficiency  was  always  obtained 
with  bowl-shaped  reflectors  open  at  the  bottom.  All  attempts  to 
close  the  bottom  of  such  reflectors  with  diffusing  bowls  have  been 
unsatisfactory  on  account  of  the  decided  loss  of  efficiency. 

The  tests  show  that  there  is  no  practical  difference  in  the  measuied 
illumination  obtained  with  the  center-deck  and  side-deck 
systems  of  lighting.  In  the  center-deck  system  the  lamps 

are  placed  in  a single  line  along  the  center  of  the  car.  In 
the  side-deck  system  one  row  of  lamps  is  placed  over  each  row  of 
seats.  However,  the  center-deck  system  has  important  advantages 
in  lower  cost  of  lamp  renewals  and  cleaning  and  the  use  of  larger 
and  more  efficient  lamps.  To  avoid  bad  shadow  effects  it  is  found 
that  lamps  mnst  be  spaced  opposite  every  two  pairs  of  seats  with 
either  system  where  direct  lighting  is  employed.  With  indirect  or 
semi-indirect  lighting,  which,  of  coui-se.  is  applicable  to  only  the 
center-deck  system,  the  spacing  can  be  every  three  seats.  It  is  in- 
teresting to  note  that  both  these  latter  systems  in  the  tests  gave  higher 
efficiency  than  did  the  bare  lamp.  Thus,  the  most  comfortable  sys- 
tem for  the  eye  under  these  specific  conditions  consumes  less  elec- 
tricity than  the  most  uncomfortable  system.  With  such  authorita- 
tive results  before  them,  American  railway  managements  can  no 
longer  have  an  excuse  for  the  continuance  of  the  inefficient  lighting 
arrangements  that  have  been  too  common  in  the  past.  The  facts  of 
the  matter  are  that  details  of  car-lighting  fixtures  in  the  past  have 
too  frequently  been  determined  in  an  offhand  way  with  the  mini- 
mum of  consideration  by  some  official  of  a railroad  who  is  unawaie 
of  the  great  differences  in  comfort  and  efficiency  with  the  different 
lamp  and  reflector  equipments  available.  It  is  a condition  similar 
to  that  formerly  existing  in  other  fields  of  illumination.  Fortu- 
nately, adequate  excuse  for  the  continuation  of  such  conditions  is 
rapidly  vanishing. 

Rainband.  A band  of  the  solar  spectrum,  due  to  the  presence  ot 
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water-vapor  in  the  atmosphere,  and  specifically  that  band  made  up 
of  the  lines  of  wave-lengths,  6,020  to  5,840  microns  situated  on  both 
sides  of  the  D line.  Attempts  to  foretell  rain,  based  upon  the  fact 
that  in  the  intensity  of  this  band  depends  on  the  amount  of  vapor 
in  the  atmosphere,  have  been  made  by  means  of  the  spectroscope, 
but  have  proved  unreliable,  the  rainband  being  only  one  of  the  con- 
ditions precedent  to  precipitation.  See  Upton’s  Use  of  the  Spectro- 
scope in  Meteorological  Observations,  United  States  Signal  Service 
Notes  No.  4 (1883). — (Standard  Encycloped/ia.) 

Rainbow.  The  rainbow  is  the  best  known  of  all  optical  meteorological 
phenomena,  consisting  of  a colored  arch  formed  opposite  the  sun 
on  falling  raindrops,  and  visible  whenever  the  necessary  conditions 
of  a passing  shower  on  one  side  and  a clear  and  not  too  high  sun  on 
the  other  occur.  The  colors  are  always  arranged  in  the  definite 
spectral  order,  viz.,  red,  orange,  yellow,  green,  blue,  indigo  and 
violet,  but  shade  imperceptibly  into  each  other.  The  cause  of  this 
breaking  up  of  sunlight  into  its  constituent  colors  is  the  prismatic 
action  of  the  rain  drops  themselves.  See  Spectrum. 

Intersecting  rainbows  have  frequently  been  seen.  When  the  sun 
is  reflected  from  a surface  of  still  water  a bow  is  formed  by  the  re- 
flected image  as  well  as  by  the  sun  itself.  Lunar  rainbows  often  oc- 
cur, but  the  feebleness  of  the  moon ’s  light  usually  prevents  any  col- 
ors being  observed.  There  are  many  popular  weather  prognostica- 
tions connected  with  rainbows,  all  dependent  on  the  fact  that  they 
imply  local  passing  showers. 

Rainbow  quartz.  An  iridescent  variety. 

Rainy,  George.  A well  known  Glasgow  ophthalmologist,  son  of  Harry 
Rain5^  He  was  born  in  1832,  in  1868  became  surgeon  at  the  Glas- 
gow Eye  Infirmary  and  professor  of  ophthalmology  at  the  University. 
He  died  in  1869. 

Rainy’s  ophthalmic  writings  are  as  follows: 

1.  On  the  Theory  of  the  Ophthalmoscope.  (London,  I860.) 

2.  Ophthalmic  Cases.  (Ophth.  Rev.,  Ill,  1867.) 

3.  Parallactic  Movements  of  the  Ophthalmoscopic  Image.  (Roy. 
Lond.  Oph.  Hosp.  Rep.,  Ill,  91.)— (T.  H.  S.) 

Rainy,  Harry.  A well  known  Scotch  surgeon,  who  devoted  some  at- 
tention to  ophthalmology.  Bom  in  Sutherlandshire,  Scotland,  in 
1792,  he  studied  at  Glasgow,  Edinburgh,  and  Paris,  finally  settling 
as  physician  in  Glasgow.  In  1828  he  became  surgeon  to  the  Glasgow 
Eye  Infirmary,  in  1844  consulting  surgeon,  and  in  1867  physician. 
He  also  lectured  at  the  Glasgow  University  on  physiology  and  prac- 
tical therapeutics.  George  Rainy  was  his  son.  Harry  Rainv  died 
in  1876.— (T.  H.  S.) 
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Ramazini,  Bernardini,*  was  bom  at  Capri  in  November,  1633.  He 
was  appointed  professor  of  the  theory  of  medicine  in  the  University 
of  Modena  about  the  end  of  the  seventeenth  century.  While  there 
he  wrote  an  interesting  Treatise  on  the  Diseases  of  Tradesmen/^ 
which  he  published  immediately  after  being  installed  as  Professor  in 
the  University  of  Padua,  He  died  of  apoplexy  in  November,  1714. 

His  work  was  translated  into  English  by  Dr.  R.  James,  and  pub- 
lished, along  with  a translation  of  a pamphlet  on  “ Endemial  Dis- 
tempers/* by  Frederic  Hoffman,  Physician  to  the  King  of  Prussia. 
The  second  edition  of  tlie  English  translation  appeared  in  1740,  and 
the  full  title  of  it  is  as  follows : 

Health  Preserved, 

IN  TWO 

TREATISES. 

I.  On  the  Diseases  of  ARTIFICERS, 
which  by  their  particular  Callings 
they  are  most  liable  to. 

With  the  Method,  of  avoiding  them,  and  their 
Cure. 

By  -BERN.  RAMAZINI,  M.D. 

Chief  Professor  of  Physick  at  Padua. 

II.  On  those  distempers,  which  arise  from 
particular  Climates.  .Situations,  and 
Methods  of  life. 

With  Directions  for  the  Choice  of  a healthy  Air, 

Soil  and  Water 

By  FREDERICK  HOFFMAN,  M.D. 

Physician  to  the  present  King  of  Prussia. 

Translated  and  enlarged,  with  an  Appendix, 

By  R.  JAMES,  M.D. 

Author  of  the  Medicinal  Dictionary. 


The  SECOND  EDITION. 


LONDON: 

Printed  for  JOHN  WHISTON.  at  Mr.  Boyle’s  Head,  and 
JOHN  WOODVER.  at  Caesar's  Head,  both  in  Fleet- 
Street,  1750. 


James  has  gone  through  Professor  Ramazini ’s  book,  and  culled 
practically  everything  bearing  on  the  eyes.  He  believes  this  work 
to  be  one  of  the  earliest  dealing  with  occupational  diseases,  and 

* This  article,  which  appears  in  “The  Ophthalmoscope’^  for  June  1,  1916,  at 
p,  290,  is  so  extremely  interesting  that  it  here  is  reproduced  in  toto. — (T.  H.  S.) 
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it  is  remarkable  in  its  wide  scope  and  thorough  description.  It 
is  quoted  in  a treatise  by  C.  Turner  Thaekrah,  of  Leeds,  published 
in  1832,  and  entitled  ^‘The  Effects  of  Arts^  Trades,  and  Profes- 
sions/’ 

The  first  chapter  deals  with  “Diseases  of  Metal-diggers.” 

Ramazine  thinks  that  as  the  eyes  are  often  injured  by  mineral 
steams,  the  mineral  kingdom  must  likewise  be  consulted  for  a rem- 
edy. 

By  the  use  of  internal  minerals,  Horstius  cured  an  ophtlialmia 
arising  from  metallic  fumes,  and  eluding  all  external  remedies.  But 
at  the  same  time  coll^'ria  made  of  the  scales  cr  offal  of  brass  are 
much  recommended ; even  the  ancients  were  apprised  of  their  vir- 
tue; for  it  is  asserted  by  Macrobius,  that  those  who  work  in  brass 
mines  have  always  strong  and  sound  eyes,  by  reason  of  tlie  drying 
virtue,  as  he  calls  it,  that  is  inherent  in  the  brass. 

With  the  same  view  does  Homer  give  the  brass  the  original 
Greek  title,  and  Celsus  allows  the  preference  before  all  others  to 
Cleon’s  collyrium  of  the  scales  of  brass,  with  saffron,  and  spodium 
or  putty.  To  these  collyria  you  may  add  nitre,  for  Pliny  affirms 
tliat  in  saltpetre  mines  the  workmen  are  not  weak-eyed,  and  the  ob- 
servations of  later  authors  confirm  his  testimony.  Upon  the  whole, 
we  may  lay  down  this  for  a standing  truth,  that  the  most  proper  and 
effectual  remedies  for  defeating  metallic  diseases  are  generallj'  to 
l)e  obtained  from  the  mineral  kingdom ; and,  indeed,  the  conduct  of 
nature  in  this  point  is  very  provident  in  furnishing  a cure  from 
the  same  (Quarter  which  produces  the  disease. 

In  his  chapter  “Of  the  Disea.ses  of  Gilders,”  he  says:  I had  oe- 
casiop  myself  not  long  ago  to  see  a young  man,  a gilder,  who  died 
after  two  months  confinement  to  his  bed,  having  taken  too  little  care 
to  avoid  the  mercurial  exhalations.  For  they  threw  him  at  first  into 
a cachectic  habit  of  body;  after  that  his  face  became  wan  and  of  a 
cadaverous  complexion,  his  eyes  swelled,  his  breathing  became  <lif- 
ficult,  his  mind  stupid,  etc.  And  after  all,  this  man  died  without 
any  feverish  symptom. 

Pernelius,  in  like  manner,  mentions  the  case  of  one  whose  brains 
melted  and  ran  out  of  his  eyes  for  several  years  without  a fever; 
and  who  died  at  last,  but  had  formerly  suffered  a mercurial  inunc- 
tion. And  the  same  author  ingeniously  acknowledges  that  he  could 
not  but  wonder  how  it  came  about  that  this  man  was  never  feverish. 
But  in  his  second  book,  he  seems  to  offer  some  reason  why  mercury 
quells  a febrile  heat. 

In  Chapter  iii  he  treats  of  the  “Diseases  of  Surgeons,”  and  others 
employed  in  friction  and  inunction  for  venereal  cases. 


RAMAZINI,  BERNARDINI 


10867 


Frambesarius  acquaints  us  that  a surgeon,  upon  anointing  a pocky 
person  with  the  usual  ointment,  was  seized  with  a continual  vertigo 
and  dimness  of  sight. 

Ramazini  then  proceeds:  For  my  part,  I can  think  of  no  cau- 
tionary method  so  proper  and  so  effectual  for  those  employed  in 
such  inunction,  as  that  of  a surgeon  of  our  country,  who  finding 
to  his  cost  that  the  danger  and  trouble  he  underwent  surpasses  the 
profit,  and  having  experienced  by  frequent  looseness,  gripes  and 
salivations,  upon  his  own  person,  that  such  inunctions  were  more 
afflicting  to  him  than  to  the  persons  anointed,  did  thereupon  alter 
his  course,  and  continuing  to  prepare  the  mercurial  ointment  as  be- 
fore, and  to  stand  by  the  patient  while  the  friction  was  performed, 
ordered  the  patients  to  rub  themselves  with  their  own  hands;  by 
which  means  a double  advantage  is  gained;  for  not  only  the  sur- 
geon avoids  danger,  but  the  patients  thus  heating  themselves  by  the 
motion  and  exercise  of  their  arms,  make  the  ointment  penetrate  the 
better ; and  withal  have  no  reason  to  apprehend  any  danger  to  them- 
selves from  the  remedy,  in  which  they  place  all  their  hopes  of  re- 
lief. 

Dr.  Ramazini  deals  with  the  “Diseases  of-  Chemists”: 

Though  the  chemists  boast  of  the  art  of  subduing  and  fixing  all 
minerals,  yet  they  themselves  cannot  escape  free  from  their  perni- 
cious influence;  I was  acquainted  myself  with  our  Carolus  Laneelo- 
tus,  a chemist  of  some  note,  but  a trembling,  blear-eyed,  toothless, 
short-breathed,  rotten  fellow,  whose  very  looks  derogated  from  the 
fame  and  repute  of  the  cosmetic  medicine  which  he  used  to  sell. 

“On  the  Diseases  of  Potters.”  Those  who  sit  at  the  wheel,  and 
form  the  vessels  by  turning  it  about  with  their  feet,  are  apt  to  have 
a swimming  in  the  head,  if  their  eyes  are  otherwise  weak ; and  often 
the  over-tiring  of  their  feet  makes  them  subject  to  the  sciatica,  etc. 

In  Chapter  ix  there  is  a dissertation  of  the  diseases  of  such  as  work 
upon  “Brimstone.”  As  sulphur  answers  the  convenience  of  life 
in  several  instances,  so  it  causes  no  slight  disorders  in  those  who  boil 
or  melt  it,  or  make  use  of  it  in  their  work.  Those  who  use  melted 
or  kindled  brimstone  fall  into  coughs,  hoarsenesses,  shortness  of 
breath,  and  a running  in  the  eyes. 

The  analysis  of  sulphur  shows  that  it  consists  of  double  substance, 
one  pinguious  and  inflammable,  and  the  other  acid  and  apt  to  ex- 
tinguish fire.  Now  when  sulphur  is  melted  over  a fire,  and  much 
more  when  it  is  kindled,  this  volatile  acid  arises  in  fumes  which  be- 
ing received  at  the  mouth,  give  rise  to  the  above-mentioned  disorders, 
and  particidarly  to  the  cough  and  soreness  of  the  eyes;  for  the  soft 
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and  tender  structure  of  the  lungs  and  eyes  is  signally  injured  by 
the  pungent  acid. 

Daily  experience  vouches  that  blacksmiths  are  likewise  blear- 
eyed;  which,  as  I imagine,  is  not  so  much  owing  to  the  violence  of 
the  tire  upon  which  their  eyes  are  almost  always  fixed,  as  to  the  sul- 
phureous effluvia  which  exhale  from  the  hot  iron,  and  strike  or 
twitch  the  membrane  of  the  eyes,  so  as  to  cause  an  expression  of 
lymph  from  their  glandules,  with  a blearedness,  and  often  an  in- 
flammation or  ophthalmia.  It  stands  in  the  records  of  time  that 
Demosthenes’s  father  was  a blacksmith;  and  him,  Juvenal  describes 
as  being  blear-eyed.  However,  there  being  a great  quantity  of  sul- 
phur lodged  in  the  substance  of  the  iron,  it  is  no  wonder  that,  while 
the  iron  is  fining,  the  thin,  sulphureous  pai-ticles  fly  out  both  from 
the  iron  and  the  fire,  and,  like  sharp  stings  affect  the  membranes  of 
the  eyes,  so  as  to  cause  sharp  rheums  and  inflammations.  I have 
met  with  many  blacksmiths  who  complained  of  such  disorders,  for 
which  I used  to  prescribe  the  application  of  milk  and  barley  water, 
and  such  like  temperating  things ; and  bleeding,  if  the  inflammation 
be  great. 

New  lime,  just  taken  from  the  lime-kilns,  burns  and  exerts  a fiery 
force.  Besides,  there  is  nothing  which,  after  burning,  retains  the 
seeds  of  fire,  longer  than  lime-stone;  for  if  you  keep  it  a year  in  a 
dry  place,  and  then  dilute  it  with  water,  it  smokes  and  exerts  the 
latent  fire  in  setting  the  water  a boiling.  In  progress  of  time,  as  it 
smoulders  and  grows  old,  it  loses  a great  part  of  its  igneous  force, 
and  consequently  is  then  less  hurtful  to  the  workman;  though  it 
always  retains  a corrosive  acrimony  which  stimulates  the  throat  and 
eyes,  and  makes  the  voice  rough,  but  is  easily  repulsed  and  subdued 
by  drinking  cold  water,  and  the  emulsions  of  melon  seeds  and  the 
cold  seeds. 

Chapter  xiv  is  entitled— “Of  the  Diseases  of  the  Cleansers  of 
Jakes.” 

I am  here  in  some  doubt  whether  the  physicians,  who  value  them- 
selves upon  a neat  and  clean  appearance,  will  not  take  it  ill,  that  I 
carry  them  from  the  apothecaries’  shop,  which  smells  for  the  most 
part  of  perfumes,  and  where  they  deal  as  in  their  own  province, 
to  take  a view  of  the  houses  of  office.  But  considering  they  do 
not  think  it  beneath  them  daily  to  inspect  the  excrements  of  the 
bladder  and  the  belly,  in  quest  of  the  disorders  of  the  body,  they 
ought  likewise  to  allow  of  the  inspection  of  these  places,  where  such 
excrements  are  laid ; and  so  give  us  leave  to  take  a view  of  the  dis- 
eases of  those  who  are  employed  to  cleanse  them. 
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Since  therefore,  in  our  present  age,  medicine  is  reduced  to  the 
principles  of  mechanism,  I shall  not  be  ashamed  of  an  acquaintance 
with  the  states  and  conditions  of  the  meanest  tradesmen,  having 
nothing  more  at  heart  than  the  discovery  of  the  truth.  The  acci- 
dent, from  which  I took  occasion  to  write  this  treatise  of  the  dis- 
eases of  tradesmen  is  as  follows: 

In  this  city,  which  is  very  populous  for  its  bigness,  and  is  built 
both  close  and  high,  it  is  usual  to  have  their  houses  of  office  cleansed 
every  third  year;  and,  while  the  men  employed  in  the  work  were 
cleansing  that  at  my  house,  I took  notice  of  one  of  them  who  worked 
with  a great  deal  of  anxiety  and  eagerness,  and,  being  moved  with 
compassion,  asked  the  poor  fellow,  why  he  did  not  work  more  calm- 
ly and  avoid  overtiring  himself  with  too  much  straining?  Upon 
this  the  poor  wretch  lifted  up  his  eyes  from  the  dismal  vault,  and 
replied,  “That  none  but  those  who  had  tried  it  could  imagine  the 
trouble  of  staying  above  four  hours  in  that  place,  it  being  equally 
troublesome  as  to  be  struck  blind.”  After  he  came  out  of  the  place 
I took  a narrow  view  of  his  eyes,  and  found  them  very  red  and  dim ; 
upon  which  I asked  him,  if  they  had  any  usual  remedy  for  that  dis- 
order He  replied,  their  only  way  was  to  run  immediately  home, 
and  confine  themselves  for  a day  or  more  to  a dark  room  and  wash 
their  eyes  now  and  then  with  warm  water;  by  which  means  they 
used  to  find  their  pain  somewhat  assuaged.  Then  I asked  him  if  he 
found  any  heat  in  his  throat  and  difficulty  of  respiration,  or  head- 
ache? And  whether  the  smell  affected  their  nose,  or  occasioned  a 
squeamishness  ? He  answered  that  he  felt  none  of  those  inconven- 
iences; that  the  only  parts  which  suffered  were  the  eyes  and  that 
if  he  continued  longer  at  the  same  work,  without  interruption,  he 
should  be  blind  in  a short  time,  as  it  had  happened  to  others.  Im- 
mediately after  that  he  clapt  his  hands  over  his  eyes  and  run  home. 

After  this  I took  note  of  several  beggars  in  the  city,  who,  having 
been  employed  in  that  work,  were  either  very  weak-sighted,  or  abso- 
lutely blind.  Now  I do  not  wonder  that  the  tender  structure  of  the 
eyes  is  offended  by  such  an  ugly  exhalation. 

Ballonius  relates  the  case  of  a poor  workman,  at  Paris,  who  had 
sore  and  weak  eyes,  the  cause  of  which  he  imputes  to  his  trade,  for 
he  used  to  cleanse  the  streets  from  dirt.  But  I ever  was,  and  still 
am  at  a loss  to  form  a solid  reason  why  the  eyes  are  the  only  parts 
that  suffer  in  such  cases,  and  how  the  soft  textures  of  the  lungs 
escape,  as  well  as  the  brain,  which  one  would  think  might  easily  be 
affected  by  the  steams  reaching  the  nostrils. 

I am  of  the  opinion  that  the  steam  arising  from  such  places,  when 
stirred,  is  a volatile  acid.  And  yet  only  the  eyes  are  affected  by 
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such  effluvia.  I doubt  if  the  curious  will  be  satisfied  with  this  solu- 
tion .of  the  matter— that  as  some  poisons  bear  a peculiar  antipathy 
to  certain  parts  of  the  body,  cantharides  to  the  bladder,  and  the 
cramp-fish  to  the  nerves,  so  these  steams  arising  from  the  human 
ordure,  after  three  years  lying,  assume  a particular  nature  which 
injures  the  eyes  only,  and  is  inoffensive  to  the  other  parts. 

For  my  own  part  I cannot  rest  satisfied  in  this  solution,  and  there- 
fore do  not  offer  it  as  an  argument  of  due  weight  and  solidity. 

He  then  produces  arguments  which  lead  him  to  the  conclusion 
that  there  are  special  irritants  which  act  where  the  serum  of  the 
blood  alone  is  not  their  vehicle,  but  where  also  phlegm,  the  blood, 
and  the  pituita,  which  mixture  pall  their  force.  In  pursuance  of 
this  notion  it  may  be  more  reasonable  to  offer  that  the  steam  of  the 
jakes  do  with  their  thinnest  and  sharpest  particles  gall  the  eyc.s, 
these  being  the  most  obvious  parts,  and  possessed  of  the  most  exqui- 
site sense;  and  thus  forcing  out  the  lachrymal  juice,  join  with  it  so 
as  to  form  a new  substance  which  is  noxious  only  to  the  eyes,  and  not 
to  the  other  parts  which  do  not  afford  the  like  juice. 

Whatever  be  the  cause  and  manner  of  these  steams,  by  which 
they  affect  the  eyes  more  than  the  other  parts,  it  is  certain  that  the 
eyes  are,  by  their  natural  constitution,  equally  ready  both  for  sus- 
ception  and  emission.  That  blearedness  is  infectious,  and  that  a 
sound  eye  receives  the  morbific  effluvia  from  the  bleared  eyes  of  an- 
other, IS  plainly  made  out  by  experience,  and  affirmed  unanimous- 
ly by  the  leading  men  of  our  profession. 

In  like  manner  that  bewitching,  which  is  said  to  be  performed  by 
a cast  of  the  eye,  seems  to  be  brought  about  by  a bright  emanation 
from  the  eyes  of  the  enchanter,  which  insinuates  itself  into  the  eyes 
of  another,  and  being  somewhat  allied  to  it,  and  thus  infects  them. 

This  is  not  a place  for  enquiring  further  into  the  eyes,  so  I shall 
only  stay  to  quote  a noble  passage  out  of  Plato.  He  brings  in  Soc- 
rates, unfolding  the  meaning  of  that  famous  inscription  in  the  entry 
of  the  Delphic  Temple:  “Have  you  not  observed,”  says  Socrates 
to  Alcibiades,  “that  the  face  of  a man  looking  upon  the  eye  of  an- 
other is  in  the  most  prominent  part,  or  the  pupil,  of  that  other’s 
eye,  exhibited  as  in  a glass?  Thus  the  eye  at  last  gets  a view  of 
itself  when  it  on  all  hands  looks  on  another  eye,  but  is  particularly 
careful  to  observe  that  which  is  best  in  the  eye,  and  that  by  which 
Itself  sees:  an  eye,  therefore,  to  perceive  its  own  picture  must  look 
upon  another  eye.” 

To  return  to  our  subject.— The  cleansers  of  jakes  being  of  neces- 
sary use  to  all  cities,  it  is  but  reasonable  that  the  art  of  physic 
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should  provide  some  relief  for  them,  especially  considering  that  the 
civil  law  was  so  favorable  to  them  as  to  prohibit  the  offering  of  the 
least  injury  to  them,  even  though  they  should  penetrate  into  an- 
other man’s  house.  I have  advised  them  to  put  transparent  blad- 
ders over  their  faces,  as  those  do  who  polish  red  lead,  or  to  spend 
less  time  at  once  in  cleansing  the  jakes;  or,  if  their  eyes  are  weak, 
to  leave  that  business,  and  apply  themselves  to  some  other  trade, 
for  fear  of  being  obliged,  for  the  sake  of  sordid  lucre,  to  lose  their 
eyes,  and  so  beg  their  bread.  Experience  itself  has  taught  them, 
and  indeed  it  is  agreeable  to  reason,  that  keeping  within  a dark 
room  is  very  proper,  as  well  as  washing  the  eyes  with  warm  water, 
which  mitigates  the  heat  of  the  eyes  and  lessens  the  pain,  which, 
like  a thorn  pushed  in,  occasions  the  contraction  of  the  nervous  parts, 
and  consequently  an  inflammation.  If  the  eyes  are  very  red,  and 
there  is  ground  to  apprehend  a true  inflammation,  I order  bleed- 
ing, and  as  soon  as  the  heat  of  the  eyes  is  a little  abated,  I advise 
them  to  wash  them  with  Muscadine  wine,  which  in  this  case  is  an 
excellent  remedy.  For  it  invites,  in  a manner,  the  animal  spirits 
to  come  from  the  brain  and  the  optic  nerve  to  return  to  the  eyes, 
from  whence  they  had  been  driven  by  the  sordid  and  penetrating 
damps. 

The  Acta  Haffniensia  relates  the  case  of  a woman,  who,  by  work- 
ing hard  in  making  candles  for  the  market,  was  seized  with  a violent 
pain  in  the  head,  with  a giddiness,  a redness  in  the  eyes,  and  a diffi- 
culty of  respiration. 

Nurses  are  subject  to  weakness  of  the  eyes,  headaches,  a giddiness 
in  the  head,  a difficulty  of  breathing,  and  the  fluor  albus,  especially 
if  they  suckle  for  several  years. 

“Of  the  Diseases  of  Bakers  and  Millers.”  The  particles  of  the 
flour  or  meal,  which  adhere  to  the  eyes,  pinch  them  very  much,  and 
often  occasion  a blearedness. 

Millers  and  grinders  come  into  the  same  list  with  the  bakers ; for 
the  particles  of  %e  flour  fly  about  and  fill  the  whole  mill,  so  that 
in  spite  of  their  teeth,  their  mouth,  nostrils,  eyes,  ears,  and  indeed 
the  whole  body  is  covered  with  meal. 

The  ancients  had  not  such  machines  for  grinding  corn  as  we  have, 
by  the  help  of  waterfalls  which  turn  gi’eat  wheels  about.  They  used 
to  grind  their  corn  in  pistrina,  which  are  now  used  for  bruising  and 
taking  the  husks  off  grain.  Their  wheels  were  turned  not  only  with 
cattle,  but  with  men,  and  slaves,  and  women.  And  from  thence 
rose  the  name  of  handmills,  because  they  turned  them  round  with 
all  their  force.  Criminals  were  commonly  condemned  to  this  work 
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at  the  pistrinum : and  we  see  in  Plautus,  there  was  nothing  more 
frequent,  nor  so  ominous  to  slaves,  as  the  word  pistrinum.  L.  Apu- 
leius  says:  “He  was  made  an  ass,  tyed  to  a mill  with  his  face  cov- 
ered, and  forced  to  tread  over  his  own  footsteps.”  We  read  in 
sacred  writ,  that  Samson  had  his  eyes  put  out  hy  the  Philistines,  to 
qualify  him  for  the  turning  of  a mill  (which  was  probably  a hand- 
mill),  for  they  used  to  put  out  the  eyes  of  such  as  were  doomed  to 
this  service,  to  prevent  their  being  giddy. 

“Of  the  Diseases  of  Sifters  and  Meters  of  Com.”  The  throat, 
the  lungs,  and  the  eyes  sustain  no  small  damage  by  the  powder  and 
rotten  dust,  for  it  stuffs  and  dries  up  the  throat;  it  lines  the  pul- 
monary vessels  with  a dusty  matter  which  causes  a dry  and  ob- 
stinate cough ; and  it  makes  the  eyes  red  and  watery.  The  work- 
men employed  in  those  services  used  to  cover  their  mouths  and  nos- 
trils with  handkerchiefs,  to  keep  out  the  dust,  and  to  wash  their 
throats  and  eyes  often  with  cold  water;  but  all  this  caution  is  not 
sufficient  to  indemnify  them. 

The  Jews,  and  particularly  the  vulgar  sort,  are  accustomed  to 
sedentary  and  standing  trades.  Sewing,  and  fitting  up  old  clothes 
is  an  employment  they  always  follow,  but  their  women,  whether 
maids  or  married  persons,  gain  their  livelihood  by  their  needle  more 
than  any  other  women  whatsoever.  This  employment  strains  the 
eyes  very  much ; for  the  women  sit  at  it.  not  only  all  day,  but  even 
late  at  night  by  a very  faint  light,  such  as  funeral  lamps  generally 
cast ; and  thus  they  not  only  undergo  all  the  disadvantages  of  a 
sedentary  life,  but  in  process  of  time  contract  such  a weakness  in 
their  sight,  that,  by  the  time  they  are  forty  years  of  age,  they  are 
short-sighted.  Add  to  this,  that  in  most  cities  the  Jews  live  in  nar- 
row lanes,  and  their  women  have  a custom  of  standing  at  the  windows 
in  all  seasons  of  the  year  to  take  advantage  of  the  light;  by  which 
means  it  comes  to  pass,  that  they  suffer  various  disorders  in  the 
head,  such  as  headaches,  pains  of  the  ears  and  teeth,  a dull  heavi- 
ness, a hoarseness  and  blearedness  of  the  eyes. 

I would  advise  the  women,  especially  those  who  follow  the  sewing 
trade  so  close,  to  spare  some  hours  now  and  then  for  the  sake  of 
their  healths ; and  to  ease  both  their  hands  and  their  eyes,  for  fear 
the  loss  of  their  eyes  should  afterwards  oblige  them  to  an  idle  and 
a miserable  life. 

“Of  the  Diseases  of  those  who  work  on  Minute  things  which  strain 
the  Eyes.”  There  are  some  tradesmen  employed  in  the  finer  and 
smaller  sort  of  workmanship,  such  as  goldsmiths,  Avatchmakers,  paint- 
ers, I mean  those  who  paint  upon  jewels,  and  writers,  §uch  as  he 
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who  wrote  Homer’s  Iliads  in  the  compass  of  a nut-shell,  as  Tully 
informs  us. 

The  misfortime  entailed  upon  those  men  from  their  business,  be- 
sides the  inconveniences  of  a sedentary  life,  is  that  common  disease 
of  the  eyes  called  myopia,  in  which  the  objects  are  not  seen  unless 
they  be  placed,  near  the  eye;  and  accordingly  we  see  most  of  these 
tradesmen  use  spectacles  at  work.  Wedelius  makes  mention  of  this 
sort  of  tradesman  in  a particular  manner,  and  says,  they  are  weak- 
sighted,  because  it  is  usual  for  the  parts  which  are  most  exercised 
to  be  most  weakened.  But  we  may  draw  a bettet  reason  for  this 
weakness  of  the  eyes  from  the  principles  of  the  optics. 

I was  always  of  the  opinion,  that  nothing  can  illustrate  the  man- 
ner of  vision,  but  a dark  room,  in  which  the  images  of  external 
things  are  represented  upon  a white  linnen  cloath ; which  thought  we 
owe  first  to  Platerus,  and  then  to  Plempius  in  his  Ophthalmographia. 
For  if  we  place  a convex  glass  in  the  hole  of  a dark  room,  the  nearer 
the  object  approaches  to  the  hole,  the  further  must  the  cloath  be  re- 
moved from  the  aperture,  to  make  a distinct  representation  of  the 
object;  and,  on  the  other  hand,  the  further  the  visible  object  is  re- 
moved, the  nearer  must  the  cloath  be  brought  to  the  hole,  otherwise, 
the  representation  will  become  confused ; for  the  distinct  images  of 
things  are  drawn,  as  it  were,  with  a pencil  only  in  the  point  where 
the  rays  join.  From  hence  it  appears,  that  the  eye,  which  is  of  a 
finer  and  more  admirable  structure,  cannot  distinctly  see  objects  at 
a distance,  and  near  at  hand,  unless  it  be  moveable,  and  apt  to 
change  its  figure;  so  that,  either  the  net-like  coat,  or  the  crystalline 
humor,  may  be  easily  moved.  Common  experience  teaches  us,  that, 
when  we  view  objects  at  a distance,  and  do  not  perceive  them  clearly, 
because  the  rays,  entering  the  eye  almost  parallel,  meet  too  soon  be- 
hind the  pupilla,  we  can  by  straitening  and  contracting  the  eyes, 
by  the  means  of  the  muscles  and  eyelids,  so  alter  the  figure  of  the 
eyes  as  to  have  a clear  and  distinct  perception  of  the  objects,  which 
otherwise  we  saw  but  confusedly. 

Now,  these  who  work  all  day  long  upon  very  fine  and  small  work, 
cannot  have  a distinct  view  of  the  minute  objects  before  them, 
without  keeping  their  eyes  very  steady  and  intent,  and  fixed  with 
a tonical  sort  of  motion,  or  a motion  always  directed  to  one  point; 
and  consequently,  though  their  eyes  are  naturally  movable,  that 
being  a necessary  quality  for  perceiving  objects  at  a distance,  as 
well  as  near  at  hand,  yet,  by  keeping  the  eye  constantly  in  this  one 
position,  they  contract  such  a habit  that  the  retina  being  inured  and 
accustomed  to  one  form  and  figure,  persists  in  it,  and  cannot  be 
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moved  at  pleasure  for  the  perception  of  remoter  objects.  And  it 
is  for  this  reason  that  such  tradesmen  are  almost  all  of  them  troubled 
with  myopia. 

Add  to  this,  that,  while  the  eyes  are  kept  immovable,  and  perpetu- 
ally fixed  upon  one  point  and  the  humors  grow  thick  and  lose  their- 
transparency  along  with  their  fluidity,  which  gradually  make  way 
for  a weakness  of  the  sight;  so  that,  though  such  tradesmen  may 
have  nimble  and  clear-sighted  eyes,  they  may  become  short-sighted 
in  process  of  time. 

So  great  is  the  calamity  entailed  upon  this  sort  of  work,  and  the 
finest  pieces  of  workmanship,  such  as  clocks  and  watches,  are  so 
apt  to  produce  this  weakness  of  the  eyes,  that  many  of  the  workmen 
are  almost  blind  before  they  arrive  at  old  age.  I know  a woman 
in  this  city  who  had  a peculiar  way  of  stringing  pearl,  and  that  so 
artificially  as  to  cover  their  blemishes,  if  there  were  any,  and  by  this 
means  she  got  a great  deal  of  money.  But  when  she  came  to  be  forty 
years  of  age,  finding  no  manner  of  relief  from  spectacles,  she  was 
forced  to  leave  off  the  business.  I remember,  likewise,  to  have  heard 
several  printers  complain  that  they  have  given  a considerable  shock 
to  their  eyesight  by  composing  small  types. 

In  earnest,  I do  not  see  how  we  can  afford  any  relief  to  the  work- 
men we  now  treat  of;  for  it  is  not  eas}^  to  persuade  them  to  leave  a 
beneficial  and  lucrative  trade;  and  physic  is  unprovided  with  any 
remedy  which  can  restore  the  primitive  strength  and  mobility  of  the 
eyes,  after  the  disorder  is  become  inveterate;  for  neither  purging, 
nor  bleeding,  nor  the  other  medicinal  means  can  take  place  in  this 
case  in  regard  the  patients  are  otherwise  well  and  brisk,  and  their 
spirits  being  fi either  clouded  nor  incrassated,  it  would  be  improper 
to  punish  an  innocent  and  sound  head  with  the  commotions  of  med- 
icines. 

However,  I would  advise  such  workmen  not  only  to  use  specta- 
cles, but  to  intermit  from  their  work  now  and  then,  and  refresh  their 
eyes  with  diversity  of  objects.  For  we  cannot  imagine  how  much 
the  mobility  of  the  membranes  of  the  eyes  and  the  native  humours 
is  kept  up  by  viewing  different  objects,  some  near  at  hand,  some 
remote,  some  directly,  others  obliquely,  and,  in  fine,  all  manner  of 
ways;  for  by  this  means  the  natural  disposition  of  the  eye  is  pre- 
served, so  that  the  ball  is  sometimes  furled  or  contracted,  and  some- 
times dilated ; and  the  chrystalline  humour  approaches  more  or  less 
to  the  pupilla,  according  to  the  remoteness  or  nearness  of  the  object 
requires.  Without  this  diversity  of  action,  the  eyes  undergo  the 
same  fate  as  the  other  parts,  which,  by  being  long  detained  in  one 
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position,  grow  stiff  and  unfit  for  motion.  Of  this  we  have  a mani- 
fest instance  in  those  who,  upon  coming  out  of  dark  prisons  where 
they  have  been  long  kept,  are  forced  to  accustom  their  eyes  gradu- 
ally to  the  light,  because  the  pupilla  or  ball  of  the  eye  having  been 
long  dilated  and  its  elastic  spring  weakened,  it  forgets,  in  like  man- 
ner, how  to  contract  itself  as  it  used  to  do. 

“Of  the  Diseases  of  Husbandmen.”  But  as  Husbandmen  follow 
various  sorts  of  work,  according  to  the  diversity  of  the  countiy,  and 
the  seasons  of  the  year,  they  used  to  be  troubled  in  winter  and  the 
beginning  of  the  spring,  with  the  diseases  of  the  breast,  defluxions 
upon  the  eyes,  and  fpiinsys. 

I have  made  one  remark,  which  is  curious,  in  our  farmers’  fami- 
lies, especially  in  their  children;  which  is,  that  these  children,  being 
for  the  most  part  under  ten  years  of  age,  are  seized  about  the  ver- 
nal equinox,  with  such  a dimness  in  their  sight,  that  they  run  up 
and  down  all  day  long  as  if  they  were  blind ; but,  upon  the  approach 
of  night  they  see  very  well.  Now  this  disorder  goes  off  of  itself, 
without  the  assistance  of  any  remedy;  for  about  the  middle  of  April, 
they  become  as  well  as  ever.  Upon  such  occasions,  I have  often  taken 
a narrow  view  of  these  children’s  eyes,  and  found  the  pupilla,  or  ball, 
mucli  dilated,  which  disorder  the  physicians  call  by  the  name  of 
Hydria.sis,  though  authors  differ  in  their  thoughts  of  the  cause  of 
it,  as  you  may  see  in  Sennertus,  Riverius,  and  Platerus. 

riorreaus  says,  this  distemper  is  not  much  different  from  the  reso- 
lution of  the  pupilla;  and  indeed,  it  seemed  to  me,  that  the  rays  of 
tlie  sun  in  March,  might  make  some  colliquation  in  the  brain  and 
optic  nerves,  by  which  the  means  the  tone  and  the  spring  of  the 
coat,  called  Uvea,  may  be  so  resolved,  that  it  becomes  flaccid. 

These  children  live  all  the  winter  in  veiy  hot  and  moist  huts ; and 
when  the  winter  is  broke,  that  is,  about  the  vernal  equinox,  tliey 
peep  out  of  their  dungeons,  and  expose  their  bare  heads  to  the  sun- 
l)eams,  upon  which  a fusion  and  colliquation  of  the  humours  may 
readily  ensue ; and  from  thence  proceeds  the  dilatation  of  the  eye- 
ball, and  a weakness  of  sight,  by  reason  of  the  admission  of  an  ex- 
cessive quantity  of  light;  but,  towards  the  end  of  April,  the  sun- 
beams being  more  effectual,  discuss  the  humours  whicli  had  just 
fallen  upon  the  coat;  and,  the  pupil  being  restored  to  its  natural 
tension  and  lightness,  the  eye  sight  is  recovered  without  the  inter- 
vention of  remedies. 

“Of  the  Diseases  of  Learned  Men.”  They  likewise  contract  a 
weakness  of  the  sight  by  degrees,  for  they  cannot  read  and  write 
with  an  intent  posture  of  the  eyes  without  injuring  tlie  sight,  espe- 
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cially  if  they  write  small,  as  quick-witted  men  commonly  do.  Aris- 
totle has  a curious  conjecture  enough,  if  it  were  but  true,  upon  the 
question  why  pur-blind  persons  usually  write  small  letters.  “It  is 
strange,”  says  he,  “that  those  who  are  dim-sighted  should  do  that 
which  the  sharpest-sighted  ought  to  do.”  For  this  practice  of  pur- 
blind persons  he  brings  several  reasons,  and  so  does  Plempius,  who 
says,  “He  has  sometimes  doubted  whether  it  was  only  a sort 
of  affection  in  such  people  as  he  thought  quick-sighted.”  But  I 
know  a gi’eat  many  such  who  write  their  letters  large  enough,  though 
it  is  not  to  be  doubted  but  that  those  who  accustom  themselves  to 
w'rite  small  and  fine  gi’ow  thereupon  shorter-sighted,  and  by  degrees 
contract  a myopia.  For  by  that  means  the  eye  is  accustomed  to  see 
only  such  objects  as  approach  near  to  it,  and  by  virtue  of  that  cus- 
tom the  retina  is  confirmed,  and  hardened  in  a remoter  situation 
from  the  pupilla,  and  so  the  eye  is  robbed  of  the  mobility  which 
nature  gave  it. 

Sometimes  those  who  read  and  write  much  are  troubled  with  the 
disorder  which  is  opposite  to  a myopia,  so  that  in  process  of  time 
they  cannot  see  unless  the  object  be  held  at  a distance  from  them. 
And  this  is  familiar  to  old  men,  for  since  they  write  and  read  with 
their  head  and  body  bended  forward,  the  crystalline  humour  readily 
falls  forward  towards  the  pupilla,  and  stops  it  up  so  as  to  cause  a 
blindness.  Hence,  Platerus  gives  this  as  the  reason  why  horses  and 
other  brutes  are  under  disorders  of  the  eyes  more  frequently  than  men, 
because  as  the}’-  go  with  their  faces  bowed  to  the  ground  the  humours 
of  the  eyes  are  gradually  caimied  foi*ward,  and  there  they  settle. 

“Of  the  Diseases  of  Printers.”  The  compositors  also,  by  having 
their  eye  perpetually  fixed  on  the  black  types,  contract  a weakness 
of  sight,  and  become  subject  to  cataracts  and  other  disorders  of  the 
eye.  I know  two  brothers,  printei*s,  with  eyes  naturally  large  and 
prominent,  who  were  forced  to  quit  the  business,  lest  they  should  be- 
come blind.  I also  remember,  that  by  sitting  some  hours  with  a printer 
in  order  to  correct  some  work  of  my  own,  when  I went  out  of  the 
printing  house,  I perceived  the  types,  as  it  were  fluctuating  before 
my  eyes,  and  even  in  the  night-time  had  the  images  of  them  rep- 
resented to  my  imagination,  because  I had  viewed  them  so  long 
and  with  so  much  attention.  By  having  the  e3^es  continually  fixed 
then  upon  the  black  types,  whether  in  composing  or  distributing 
letter,  the  tone  of  the  membranes  and  fibres  of  the  eye,  and  espe- 
cially of  the  pupil,  is  greatl.y  weakened,  so  that  it  is  no  wonder 
printers  should  be  subject  to  disorders  of  the  eyes. 

The  compositors  themselves  inform  us  that  when  they  come 
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abroad  at  night,  after  working  the  whole  day,  the  images  of  the 
types  seem  to  be  imprinted  on  their  imaginations,  and  there  re- 
main some  hours,  till  they  are  elfaced  by  the  representations  of  other 
objects. 

Compositors  ought  also  to  use  spectacles  in  order  to  preserve  the 
tone  of  the  eye,  to  turn  their  sight  frequently  off  the  types,  and 
gently  rub  their  eyes,  in  order  to  rouse  their  languid  spirits,  and  to 
wash  them  with  water  of  eye-bright  and  others  of  a like  nature. 

“Of  the  Diseases  of  Confectioners.”  The  conditions  induce  upon 
confectioners  violent  disorders  of  the  brain,  breast,  and  eyes,  for 
the  head  is  afflicted  with  a violent  pain,  the  eyes  are  often  inflamed 
and  pricked  as  it  were  with  darts,  by  the  exhalations  of  the  fire, 
and  respiration  is  injured  by  the  acrid  particles  contained  in  the 
inspired  air.  Confectioners  ought  therefore,  if  possible,  to  work 
at  their  business  in  an  open  place,  for  the  dissipation  of  the  cor- 
rupted air,  and  so  spend  some  hours  a day  in  taking  the  fresh  aii, 
after  washing  their  faces  with  water,  and  their  fauces  with  roses. 

“On  the  Diseases  of  Braisiers.”  Persons  of  this  profession  in- 
form me  that  these  noxious  exhalations  produce  no  disorders  of  the 
eyes,  which  is  agreeable  to  the  assertion  of  Macrobius,  who  tells  us: 
Lippitudes  and  inflammations  of  the  eyes  are  cured  by  working  in 
Brass  Mines;  for  which  reason  ’tis  customary  with  some  persons  to 
prepare  coUyriums  with  brass. 

“Of  the  Diseases  of  Carpenters,  Joiners  and  others.”  They  must 
also  have  their  eyes  constantly  and  attentively  fixed  on  their  work, 
by  which  means  they  are  considerably  injured,  since  by  the  cmcum- 
gyration  of  the  wood,  their  spirits  and  humours  contract  a kind  of 

vertiginous  motion. 

The  best  advice  I can  give  to  tradesmen  of  this  kind,  in  order  to 
prevent  diseases,  is,  not  to  overwork  themselves,  and  by  that  means 
bring  on  disorders  which  may  for  a long  time  incapacitate  them  for 

their  business. 

They  are  also  to  preserve  and  defend  their  sight,  by  frequent 
intermissions  from  labor;  and  if  their  eyes  should  be  seized  with  a 
pain  or  redness,  they  are  to  be  washed  with  temperate  substances, 
such  as  barley  water,  water  of  violets,  and  women’s  milk. 

“Of  the  Diseases  of  Cutlers  and  Razor  Makers.”  By  continually 
and  attentively  fixing  their  eyes  upon  the  grindstone  which  is  turned 
round  with  excessive  velocity  (these  workers)  have  the  tone  of  their 
eyes  impaired,  and  in  process  of  time  their  sight  rendered  dull. 
Some  of  them  also,  especially  those  who  have  weak  heads,  are,  after 
working  a whole  day,  not  only  subject  to  vertiginous  disorders,  but 
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also  imagine  that  they  see  the  stone  tuniiiig  before  their  eyes,  ’Tis 
probable,  that  by  this  extema.1  and  occasional  cause  the  humours  of 
the  eye,  especially  the  aqueous,  which  is  naturally  movable,  and  the 
animal  spirits  are  put  into  a gju’atory  motion,  by  which  means  the 
natural  osconomy  of  the  eye  is  perverted.  I knew  a skilful  razor 
maker,  who,  after  working  for  a whole  day,  was  generally  afflicted 
with  violent  inflammations  and  redness  of  the  eyes,  nor  could  he 
charge  his  misfortune  upon  any  other  cause  or  circumstances  than 
. his  business. — (eJ.  Gray  Clegg.) 

Ramous.  Ramose.  Having  branches;  ramified. 

Rampezzetto.  An  Italian  who  first  (in  the  sixteenth  centurjG  in- 
vented carved  letters  (in  wood)  for  the  blind.  See  Alphabets  for 
the  blind. 

Rampoldi’s  sigrn.  As  pointed  out  by  Casey  Wood  {Medicine,  Vol.  II, 
No.  1,  p.  34,  Jan.,  1896)  Rampoldi  {Annali  di  Ottalm.,  Vol.  XIV,  No.  4)’ 
was  probably  the  first  to  draw  attention  to  the  unilateral  dilation 
and  sluggishness  of  the  affected  pupil  as  an  early  sign  of  bronchial 
gland  tuberculosis.  T.  L.  Teuchter  {Jmini.  Am.  Med.  Assoc.,  Feb.  24, 
1912),  reports  four  eases  of  tuberculosis  of  the  apex  of  the  lung  in 
which  he  noticed  that  one  pupil  was  larger  than  the  other  and  re- 
acted more  sluggishly  to  light.  It  is  probable,  says  the  author,  that 
these  pupillary  symptoms  were  caused  by  an  involvement  of  the 
bronchial  glands  which  caused  them  to  swell  and  press  upon  the 
sympathetic  nerve  on  the  affected  side.  See,  also.  Pupil  captions. 
Rajnsdeu’s  eye-piece.  Ramsden’s  ocular.  This  device  consists  of  two 
plano-convex  lenses,  of  equal  focal  lengths,  whose  convex  surfaces 
inwardly  face  each  other  and  are  separated  by  a distance  ecpial 
to  two-thirds  of  the  numerical  value  of  the  focal  length  of  either 
lems.  See  also  Eye-piece,  p.  5031,  Vol.  VI I of  this  Encyclopedia.— 
(C.  F.  P.) 

Ramus  ophthalmicus  (quinti).  (L.)  Ophthalmic  nerve. 

Randgeschiir.  (G.)  Marginal  nicer. 

Range-finder.  An  appliance  for  determining  the  distance  of  an  object 
under  observation.  They  are  most  useful  in  military  operations  for 
determining  the  range  or  distance  of  an  enemy  in  the  field,  one  of 
the  best-known  being  the  Watkin  range-finder,  which  was  introduced 
into  the  British  army  in  1882.  It  is  contained  in  a rectangular  box 
; about  6%  X 2%  x li/o  in.,  and  is  based  on  the  principle  of  the  sex- 
• tant.  Its  use  may  be  briefly  described  as  follows:  Let  0 be  the 
object  to  be  observed  from  A ; a base  line  AB  of  known  length,  from 
60  to  120  yards,  is  taken  at  right  angles  to  AO.  When  the  instru- 
ment at  B is  set  to  observe  0 the  angle  at  ABO  is  obtained,  and  the 
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distance  OA  can  then  be  calculated  or  read  off  from  the  instrnment. 
For  field  artillery  purposes  it  is  essential  that  range-finders  be  easily 
transportable.  Of  these  one  of  the  best  is  the  Weldon,  which  con- 
sists of  three  prisms  of  different  angle,  fixed  one  above  the  other  in 
such  a way  that  when  in  use  the  prisms  can  be  brought  into  posi- 
tion, and  any  of  them  used  without  having  to  take  the  eye  off  the 
object  observed.  For  sea-coast  artillery  range  and  position  finders 
are  usually  mounted  permanently  on  solid  foundations.  In  this 
case  it  is  important  to  have  a base  line  which  may  be  either  horizon- 
tal or  vertical.  In  the  former  case  two  instruments  are  used,  one 
at  each  end,  and  the  azimuths  read  off  are  sent  by  some  means  to 
the  plotting  room.  Here  the  position  of  the  target  is  determined 
mechanically,  and  then  sent  to  the  gun.  When  a vertical  base  is 
used  only  one  instrument  is  necessary,  a depression  position  ™der 
The  base  line  for  good  results  in  this  case  should  not  be  less  than  80 
ft  A c-ood  length  for  a horizontal  base  line  is  2,000  ft.,  which  must 
be  accurately  measured.  See  publications  of  the  Ordnance  Depart- 
ment, United  States  army ; and  Drill  Regulations,  Artil  ery  orps. 
United  States  Army. — (Standard  Encyclopedia.) 

Range  of  accommodation.  The  alteration  in  the  refractive  state  of  the 
eye  produced  by  accommodation.  It  is  the  difference  in  diopters 
between  the  refraction  by  the  eye  adjusted  for^  its  far-pomt  and 
that  when  adjusted  for  its  near-point.  See  AmpUtude  of  accomo- 
dation, p.  329,  Vol.  I of  this  Encyclopedia;  also  Refraction  and  ac- 
commodation of  the  eye. 

In  calculating  the  normal  range  of  accommodation  at  various  ages, 
Duane  and  Thomas’  {Opli.  Year-Book,  p.  90,  1909)  determinations 
differ  somewhat  from  those  of  Donders.  The  accommodation  in 
childhood  and  youth  was  lower— rarely  above  14  D.  between  8 and 
13  years.  The  range  does  not  seem  to  diminish  much  between  10 
and  15  years ; the  maximum  may  even  occur  at  16  or  18,  though  this 
requires  further  investigation.  The  accommodation  does  not  de- 
crease steadily  at  all  ages,  but  appears  to  remain  about  stationary 
for  some  years  and  then  diminish  rapidly ; from  25  to  30,  and  again 
from  35  to  40,  are  periods  of  special  stasis,  but  further  observation  is 
necessary.  An  abrupt  plunge  seems  to  occur  at  40,  and  to  continue 
until  51,  after  which  age  the  accommodation  remains  nearly  con- 
stant, diminishing  not  more  than  0.50  in  ten  years.  Certain  peem 
liarities  in  the  behavior  of  the  function  were  found  in  individual 
cases  and  unequal  power  in  the  two  eyes  was  not  uncommon. 
Range  ’of  accommodation,  Binocular.  See  Accommodation,  Binocular 
range  of,  p.  50,  Vol.  I of  this  EwyOofedw,. 
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Range  of  vision.  In  general,  all  that  can  be  distinctly  seen  at  any 
distance  between  the  near  and  far  points  of  the  observing  eye. 

Ranney,  Anibro^  Loomis.  A celebrated  anatomist  and  neurologist 
who,  late  in  life,  became  an  ophthalmologist,  and  who  was  one  of 
the  first  physicians  in  America  to  direct  tlie  profession’s  attention 
to  eye-strain  as  a cause  of  general  diseases.  Born  at  Hardwick, 
Mass.,  June  10,  1848,  one  of  the  thirteen  sons  of  Lafayette  and  Ade- 
line Eliza  Loomis  Ranney,  he  received  the  degrees  of  Bachelor  and 
Master  of  Arts  at  Dartmouth  College,  and  then  proceeded  to  study 
medicine  under  his  uncle,  Alfred  L.  Loomis,  in  New  York  City. 
His  medical  degree  was  received  from  the  University  of  the  City  of 
New  York  in  1870.  It  is  worth  noting  that  six  of  Dr.  Ranney ’s 
twelve  brothers  were  doctors,  that  his  father,  Lafayette  Ranney, 
w^  a doctor,  while  two  of  the  father’s  brothers  (as  well  as  the  moth- 
er’s brother.  Dr.  Loomis)  were  doctors  also — Evander  and  James  W. 
Ranney. 

The  most  of  Dr.  A.  L.  Ranney ’s  life  was  given  to  general  prac- 
tice in  the  city  of  New  York.  During  all  these  years,  however,  he 
devoted  especial  attention  to  anatomy  and  neurology.  Late  in  his 
career  he  became  an  ophthalmologist,  and,  as  such,  was  remarkably 
successful.  He  was  also  widely  known  as  a medical  expert,  and  in 
this  capacity  served  the  Erie  R.  R.  for  fifteen  years,  the  New  York 
and  Harlem  River  R.  R.  for  twenty  years,  the  New  York,  New  Ha- 
ven and  Hudson  River  R.  R.  for  thirty-five,  and  the  New  York  Cen- 
tral for  forty. 

As  a medical  expert.  Dr.  Ranney  was  especially  known  for  his 
calmness  and  self-assurance  on  the  stand.  He  was  also  often  very 
witty,  so  that  counsel  was  often  inclined  to  dread  his  retorts.  Chief 
Justice  van  Brunt  is,  indeed,  declared  to  have  observed  that  “Any 
lawyer  who  attempts  to  cross-examine  Dr.  Ranney  is  a fool.” 

Dr.  Ranney  was  for  years  professor  of  nervous  and  mental  dis- 
eases in  the  University  of  Vermont,  and  adjunct  professor  of  anat- 
omy in  the  University  of  the  City  of  New  York.  He  was,  for  a time, 
president  of  the  New  York  Academy  of  Medicine. 

His  chief  works  were;  “Essentials  of  Anatomy’’  (1880)  ; “Prac- 
tical Medical  Anatomy”  (1882);  “A  Treatise  on  Surgical  Diag- 
nosis” (1884) ; “The  Applied  Anatomy  of  the  Nervous  System” 
(his  masterpiece,  1888). 

Dr.  Ranney  was  a genial,  companionable  man,  a skilful  billiard- 
ist,  a sportsman,  a yachtsman,  and  “an  owner  and  driver  of  fast 
horses.”  He  married,  in  1876,  Miss  Marie  Celle,  of  New  York  City, 
by  whom  he  had  two  children,  A.  Elliott  and  Marie  Bryan.  He  died 
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suddenly,  from  lieai*t  disease,  on  Friday,  Dec.  1,  1905,  in  the  down 
town  office  of  a friend. — (T.  H.  S.) 

Raphe  palpebralis  lateralis.  (L.)  A name  for  the  external  palpebral 

(tarsal)  ligament. 

Raphiankistron.  An  instimment  invented  by  Schlagintweit  for  the  for- 
mation of  an  artificial  pupil.  It  never  came  into  general  use. 

Rapidity  of  a lens.  A term  used  in  photography  to  indicate  the  effi- 
cacy of  a lens  in  producing  changes  in  a photosensitive  plate. 

Rashid  ad-din.  An  uncle  of  the  much  more  famous  Arabian  ophthal- 
mologist, Usaibia.  He  was  one  of  the  overseers  of  “The  Ophthalmic 
Hospital”  at  Damascus. — (T.  H.  S.) 

Rathlauw,  Johann  Peter.  A celebrated  Dutch  obstetrician,  surgeon 
and  ophthalmologist.  The  dates  of  his  life  and  death  are  not  pre- 
cisely known,  but  he  flourished  in  the  middle  third  of  the  18th  cen- 
tury. He  studied  in  Paris  and  London  under  St  Yves  and  Ferrein, 
and  shortly  afterward  settled  in  Amsterdam.  ^He  was  for  a time 
excluded  from  practising  as  a physician  (but  not,  it  would  seem, 
as  an  obstetrician)  because  he  had  purchased  and  kept  to  himself 
the  secret  of  the  obstetrical  forceps.  | By  the  aid  of  Thomas  Scwencke, 
professor  of  anatomy  and  surgery  at  Amsterdam,  he  finally  secured 
admission  to  the  College  of  Physicians.  In  addition  to  works  of 
a general  medical  character,  he  wrote  ‘ ‘ V BThandGling  van  (Ib  Oatci- 
racia,  derzelve  Oorzaken,  Kentekenen  en  Gevolgen,  en  inzonderheit 
de  Manier  der  Operatie”  (Amsterdam,  1752). — (T.  H.  S.) 

Rational  horizon.  The  astronomical  horizon. 

Ratio  of  conjugate  slope-angles.  See  Angular  magnification,  p.  477, 
Vol.  I of  this  Encyclopedia. 

Rattle-grass.  According  to  Pliny  the  elder,  an  ophthalmic  remedy. 
See  Cock’s  comb,  p.  2312,  Vol.  IV  of  this  Encyclopedia. 

Rattlesnake  venom.  Although  it  is  well  known  that  snake  poison 
occasionally  produces  amblyopia  (see  Toxic  amblyopia)  yet  there 
are  few  instances  reported  of  the  oculotoxic  effects  of  the  virus  of 
Crotalus.  Of  these  Wynter  {Ophthalmic  Year-Book,  p.  414,  1914) 
reports  a case  of  non-fatal  rattlesnake  bite  with  ocular  symptoms 
which  included  diplopia,  dimness  of  vision,  swelling  and  drooping 
of  the  lids,  and  slight  inequality  of  the  pupils.  See,  also,  Crotalus 
horridus,  p.  3571,  Vol.  V of  this  Encyclopedia. 

Ran,  Wilhelm.  A well  known  German  pediatrist  and  oto-ophthal- 
mologist.  Born  at  Schlitz,  Germany,  in  1804,  son  of  the  physician, 
Gottlieb  Martin  Wilhelm  Ludwig  Rau,  he  studied  at  Erlangen,  Tu- 
bingen, Giessen,  and  Heidelberg,  receiving  his  medical  degree  at 
Giessen  in  1826.  He  was  for  a time  Privatdocent  in  ophthalmol- 
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ogy  at  Giessen,  Later  he  was  made  professor  extraordinarius  in 
pediatry  and  ophthalmology  at  Bern.  The  date  of  his  death  is  not 
known. 

Rau’s  ophthalmologic  writings  are  as  follows: 

1.  Ueber  die  Erhenntniss,  Entstehwng  mid  Ileilung  der  Staphy- 
lome  des  Menschlichen  Auges.  (Heidelb.  and  Leipz,,  828.) 

2.  Die  Krankheiten  und  Bildutigsf elder  der  Regenhogenhaut. 
(2  Abth.,  Bern,  1844.) 

3.  Veher  die  Sinnesorgmie  Ueberhaupt  mid  de  Pflege  des  Auges 
Insbeso'iidere.  (Bern,  1858;  2d  ed.,  1859.)  — (T.  H,  S.) 

Rauchapfel.  (G.)  Datura  stramonium. 

Raupe.  (G.)  Caterpillar. 

Rava,  Jacob.  An  Italian  surgeon,  who  devoted  especial  attention  to 
hygiene  and  ophthalmology,  and  who  revived  the  ancient  opera- 
tion of  coloring  opacities  of  the  cornea.  Born  at  Milan,  Oct.  10, 
1837,  he  received  his  medical  degree  in  1859,  and  fought  for  a time 
under  Garibaldi.  Settling  in  Pavia  he  became  assistant  to  the  eye 
clinic  in  that  place.  In  1864  he  removed  to  Sassaria,  there  to  accept 
the  chair  of  ophthalmology,  and,  in  1878,  the  full  professorship.  He 
died  in  1911.— (T.  H.  s!) 

Ray.  A line  of  light,  or  some  other  form  of  radiation;  scientifically, 
the  normal  to  the  wave  surface. 

Ray  cataract.  A name  given  to  a form  of  stellate  cataract  by  Grid- 
land  (Ophthalmoscope,  p.  126,  Mar.,  1915)  who  reported  an  example 
in  a puddler.  The  conjunctiv®  were  chronically  inflamed.  The 
right  lens  showed  a central  nuclear  haze  with  a small,  dense  opac- 
ity thinner  centrally,  situated  in  the  extreme  posterior  layers  of  the 
cortex,  A few  radial  striae  were  present,  although  the  peripheral 
portion  of  the  lens  was  comparatively  clear.  The  left  lens  showed 
.similar  changes. 

These  lenticular  opacities  are  produced  in  glassblowers,  puddlers, 
electric  weldere,  et  al.,  by  exposure  of  their  ej^es  to  intense  heat 
and  dazzling  light,  or  to  both  these  injurious  agents.  See  Puddlers, 
Eye  diseases  of. 

Ray-filter.  See  Color-screen,  p.  2419,  Vol  IV  of  this  Encyclopedia. 

Ray,  James  Morrison.  A well  known  ophthalmologist  of  Louisville, 
Ky.  He  was  born  Aug,  10,  1860,  at  Bloomfield,  Nelson  Co.,  Ky., 
son  of  Isaac  M.  and  Ruth  (Bodine)  Ray,  and  nephew  of  the  cele- 
brated Dr.  James  M.  Bodine.  He  received  the  medical  degree  at 
the  University  of  Louisville  in  1882,  and,  after  a brief  period  of 
general  practice,  went  to  New  York,  where  he  studied  the  eye,  ear, 
nose  and  throat  in  the  Manhattan  Eye  and  Ear  Hospital.  While  in 
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this  institution  he  was  assistant  to  the  famous  Dr.  Cornelius  Rea 
Agnew. 

Returning  to  Louisville  in  1885,  Dr.  Ray  settled  in  that  city  as 
ophthalmologist  and  oto-laryngologist,  and  was  immediately  after- 
ward appointed  a clinical  assistant  in  ophthalmology,  otology,  and 
larjTigology  in  the  Medical  Department  of  the  University  of  Louis- 
ville. He  afterwards  studied  the  eye,  ear,  nose  and  throat  in  Paris, 
London,  and  Vienna,  and,  returning  to  Louisville,  was  awarded  the 
full  professorship  of  ophthalmology  in  his  alma  mater.  [When  the 
various  Louisville  schools  merged  with  the  Medical  Department  of 
the  University,  Dr.  Ray  was  elected  Chairman  of  the  Medical  Fac- 
ulty, a position  which  he  held  till  his  death.  He  was  ophthalmic 
surgeon  to  the  Louisville  City  and  to  the  SS.  Mary  and  Elizabeth 
Hospitals,  a Fellow  of  the  American  Ophthalmological  Society,  a del- 
egate to  the  International  Medical  Congress  at  London  in  1913,  and 
a Fellow  of  the  American  College  of  Surgeons.  He  was  a Baptist. 

Dr.  Ray  never  married.  He  died  in  Louisville,  Oct.  11,  1918,  of 
chronic  Bright’s  disease,  survived  by  only  two  near  relatives,  sisters 
—Mrs.  Sam  Fulton,  of  Florida,  and  Mrs.  Kate  Wilson,  of  Louisville. 

Dr.  Ray  was  a large,  stout  man,  of  a fair  complexion,  and  with 
gray  eyes  and  brown  hair.  He  wore,  as  a rule,  a mustache.  Con- 
cerning his  mental  characteristics  a friend  has  written  as  follows: 
“It  was  said  of  him  that  his  assiduity  to  and  love  for  his  profession, 
served  as  an  inspiration  to  the  younger  generation  of  physicians  in 
Louisville.  He  had  grutfness  of  manner  which,  however,  was  only 
a cloak  concealing  a generosity  of  heart  of  unusual  character.  This, 
it  was  said,  was  the  outstanding  feature  of  his  unique  personality. 
Even  to  those  he  loved  most,  this  characteristic  was  most  apparent, 
and  it  was  something  which  those  who  met  him  casually  seldom  failed 
to  remark.  This  trait  of  gruff  ness  concealing  over-generosity,  as  it 
was  known,  was  something  to  which  hundreds  of  persons  he  had 
given  the  best  of  his  skill  in  the  alleviation  of  disease  and  suffering 
might  testify.  Many  of  these  never  received  a bill  from  him.  Oth- 
ers, it  is  said,  were  made  everlastingly  grateful  by  a modest  charge 
from  an  unusually  able  specialist.” — (T.  H.  S.) 

Raynaud’s  disease.  Eye  signs  of.  This  is  a juvenile  or  young  adult 
disease  marked  by  attacks  of  cold  or  other  symptoms  accompanied 
by  emotional  excitement ; in  severer  cases  by  local  capillary  conges- 
tion and  livid  swellings  which  in  some  instances  terminate  in  gan- 
grene. 

Rayner  Batten  {Oph.  Review,  p.  225,  July,  1910)  reports  a case 
aa.sociated  with  retinal  hemorrhage,  and  other  changes  in  the  retinal 
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vessels.  A female  patient  came  for  treatment  of  failure  of  sight 
in  the  left  eye,  of  three  or  four  weeks’  standing.  In  April,  1910,  slie 
had  sudden  failure  of  vision,  from  which  she  partially  recovered, 
followed  by  another  attack  in  a month’s  time,  accompanied  by  sud- 
den pain  in  the  e^^e.  With  the  ophthalmoscope  there  were  seen  sev- 
eral hemorrhages  in  the  fundus,  and  the  upper  temporal  artery  ap- 
peared to  terminate  suddenly  where  crossed  by  the  corresponding 
vein,  and  became  lost  in  an  area  of  retinal  disturbance.  Raynaud’s 
disease  had  existed  for  eleven  years,  and  two  toes  were  gangrenous. 

E.  E.  Blaauw  {Sammlung  Zwangloser  Ahhandlungen  an  dem  Oe- 
hiete  der  Augenheilkunde,  Vol.  IX,  3,  1913)  was  consulted  by  a pa- 
tient suffering  from  Raynaud’s  disease,  who  complained  of  parox- 
ysmal pain  in  the  eyes  associated  with  definite  temporary  deteriora- 
tion of  -vision. 

From  a study  of  this  case  and  of  the  literature  the  author  believes 
that  attacks  of  temporary  loss  of  vision  are  not  uncommon  in  associa- 
tion with  Raynaud’s  disease.  In  the  majority  of  cases  in  which  the 
fundus  was  examined,  neither  during  an  attack  nor  between  the  at- 
tacks could  any  change  be  seen  in  the  retinal  vessels.  In  ten  eases, 
however,  changes  in  the  fundus  vessels  have  been  described;  one 
of  these  cases  was  reported  by  Raynaud  himself.  But  in  none  of 
these  was  an  examination  made  by  an  experienced  oculist,  and  in 
some  of  them  the  changes  described  may  have  been  due  to  arterio- 
sclerosis. This  was  most  probably  the  condition  of  affairs  in  the 
case  described  by  Raynaud.  There  is,  therefore,  no  satisfactory  evi- 
dence that  Raynaud’s  disease  can  cause  a spasm  of  the  retinal  ves- 
sels, and  the  fact  that  in  the  reports  of  many  of  the  cases  it  is  spe- 
cially stated  that  the  retinal  vessels  were  normal,  is  evidence  in  the 
other  direction. 

It  is  possible  that  the  temporary  loss  of  vision  does  not  depend 
on  the  retinal  vessels  at  all,  but  on  interference  with  the  circula- 
tion through  the  vessels  of  the  uveal  tract. 

Ray  of  minimum  deviation.  See  Angle  of  deviation,  p.  474,  Vol.  I of 
this  Encyclopedia. 

Rayometer.  A kind  of  actinometer.  See  p.  84,  Vol.  I of  this 
Encyclopedia, 

Rayon  de  lumiere.  (F.)  Ray  of  Light. 

Rays,  Actinic.  A light-ray  which  produces  in  particular  chemical 
changes.  They  are  found  mostly  in  the  violet  and  ultra-violet  portions 
of  the  spectrum.  See  p.  83,  Vol.  I of  this  Encyclopedia. 

Rays,  Alpha.  Those  radio-active  emanations  that  have  the  lowest  ve- 
locity and  penetrating  power.  They  consist  of  positively  charged 
particles  having  great  velocities,  but  small  masses.  See  Radium. 
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Rays,  Becquerel.  These  rays  have  the  penetrating  properties  of  the 
Rontgen  rays,  but  are  capable  of  being  polarized,  reflected,  and  re- 
fracted. See  Radium. 

Rays  Beta.  Those  radio-active  emanations  that  have  a moderate  ve- 
locity  and  penetrating  power.  They  are  charged  with  negative 
electricity  and  are  deflected  by  a magnet.  See  Eadium. 

Rays,  Blondlot.  See  Rays,  N.  . i.  a- 

Rays,  Delta.  Rays  of  high  penetrating  power  given  off  from  radium 

and  other  radio-active  substances.  They  are  waves  of  motion  and 
not  electrically  charged  particles  like  the  alpha  and  beta  rays.  ee 

Rays,  Finsen.  See  Finsen  lamp,  p.  5203,  Vol.  VII  of  this  Encyclopedia. 
Rays,  Gamma.  Those  radio-active  emanations  that  have  the  highest 

velocity  and  penetrating  power.  See  Radium. 

Rays,  Goldstein’s.  S-Rays.  Rays  formed  when  x-rays  pass  through 

some  transparent  medium. 

Rays,  Haxd.  X-rays  of  short  wave  length,  but  which  penetrate  the  tis- 

SUBS* 

Rays,  Hertzian.  Electro-magnetic  waves  in  the  ether  similar  to  a 
light-wave,  but  having  a greater  wave-length. 

Rays,  Lenajd.  Cathode  rays  after  they  have  issued  from  a Crookes 

tube  through  a window  of  platinum  foil. 

Rays,  Minin.  Rays  generated  by  passing  incandescent  light  through 

dark-blue  glass. 

Rays,  N.  Non-luminous  rays  having  a wave-length  below  that  ot 
heat  and  light  and  above  that  of  electricity.  These  rays  are  emitted 
along  with  light-rays  from  ordinai-y  flame,  and  are  also  given  off 
by  certain  bodies,  as  glass,  wood  and  rubber,  when  forcibly  com- 
pressed and  twisted.  The  rays  have  the  power  of  passing  through 
platinum,  aluminum,  tin-foil,  glass,  gold-leaf,  and  saline  water,  but 
they  are  arrested  by  pure  water  and  by  lead.  They  also  have  tie 
property  of  increasing  the  luminosity  of  light  and  of  producing 
luminosity  in  fluorescent  and  phosphorescent  bodies.  It  has  been 
stated  that  the  rays  are  emitted  by  living  nerve  and  muscle.  Called 
also  Blondlot  rays.  A variety  of  ti'-rays;  differs  from  -n-minus  rays 
in  diminishing  the  luminosity  of  light  and  of  faintly  luminous  sur- 

f3,C0S 

Rays,  Nieuenglowski’s.  Luminous  rays  given  out  by  substances  which 

have  been  exposed  to  the  sun.  , 

Rays  Rontgen.  (After  W.  K.  Rontgen,  of  Wiirzburg),  a species  of 

energy  having  the  property  of  penetrating  substances  that  are 
ordinarily  opaque  and  of  affecting  an  ordinary  photographic  plate. 
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It  is  generated  by  an  electric  current  passed  through  a Ruhmkorff 
coil  and  thence  to  a highly  exhausted  vacuum  tube  (Crookes’  tube, 
Geissler’s  tube),  and  is  used  in  taking  photographs  (skiagrams  or 
shadowgrams)  through  the  flesh  and  through  various  opaque  ob- 
jects. Rontgen  rays  are  also  employed  in  the  treatment  of  lupus, 
skin-cancer,  and  other  affections.  See,  also.  X-rays;  as  well  as 
Radium.  See  also  Fluoroscope;  and  Localization,  p.  7503,  Vol.  X of 
this  Encyclopedia. 

Rays,  Sagnac.  Secondary  beta  rays  formed  when  gamma  rays  are 
reflected  from  a metal  surface. 

B.  E.  Abbreviation  for  radium  emanation;  also  for  right  eye. 
Reaction,  Abderhalden ’s.  A senim  reaction  based  upon  the  fact  that 
when  a foreign  protein  gets  into  the  blood  the  body  reacts  by  elab- 
orating a ferment  which  causes  disintegration  of  the  proteiii.  Such 
a ferment  is  called  a protective  ferment  and  is  specific  for  the  par- 
ticular protein  which  caused  its  formation.  This  reaction  Avas  first 
applied  to  the  diagnosis  of  pregnancy  on  the  principle  that  in  the 
blood  of  pregnant  Avomen  there  is  present  a proteolytic  ferment 
AAfliich  AAull  cause  cleavage  of  placental  albumin  and  placental  pep- 
tone. The  same  principle  is  applied  to  the  diagnosis  of  cancer  be- 
cause the  blood  of  cancer  patients  contains  a ferment  Avhich  digests 
coapilated  cancer  protein.  Similarly,  in  dementia  prsecox,  the 
brain  becomes  degenerated  and  furnishes  to  the  blood  substances 
which  excite  the  formation  of  a ferment  capable  of  decomposing 
proteins  of  human  brain.  This  is  the  Abderhalden-Fauser  reac- 
tion. The  same  principle  has  also  been  applied  to  the  diagnosis  of 
syphilis,  tuberculosis,  and  the  acute  infections.  (Dorland.)  See, 
also,  the  introduction  to  Keratoconus,  p.  6825,  Vol.  IX  of  this 
Encyclopedia. 

Gebb  (Bericht  der  Ophtkal.  Geselhck.,  p.  S4,  ]!)13)  has  employed 
Abderhalden ’s  reaction  to  determine  Avhether  the  serum  of  patients 
Avith  cataractous  lenses  differs  biologically  from  the  serum  of  indi- 
viduals with  clear  lenses.  Using  the  dialysis  method,  he  obtained 
111  every  instance  a negative  result,  but  he  found  the  optical  reaction 
much  more  delicate,  and  the  ten  cases  of  cataract  examined  all 
.sliowed  the  presence  of  the  characteristic  ferment  by  rotation  of 
the  plane  of  polarization. 

Gebb  points  out  that  the  serum  of  old  people  often  gives  a reac- 
Uon  with  nmhydrin  if  more  than  one  cubic  centimetre  of  the  serum 
IS  employed.  To  avoid  this  source  of  error,  not  more  than  that 
amount  should  be  used. 

Von  Hippel  (Harrison  Butler’s  review  in  the  Ophthalmoscope, 
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p.  165,  Mar.  1914  of  the  article  in  the  Berickt  der  Ophthal.  Ge- 
sellschl  p.  26,  1913)  has  made  further  observations:  He  first 
sought  to  decide  whether  the  blood  of  persons  affected  with  sympa- 
thetic ophthalmia  gave  the  biological  reaction  to  uveal  tissue.  Eight 
cases  were  examined.  Three  gave  a positive  reaction,  but  five  failed 
to  do  so.  The  uvea  of  oxen  was  employed  as  a test,  and,  as  far  as 
possible,  all  pigment  was  removed  by  filtration.  The  deduction  is 
that  in  some  cases  of  sympathetic  disease  a pathological  cell  sub- 
stance is  present  in  the  uveal  tissue,  which  causes  foreign  proteid 
to  appear  in  the  blood,  and  starts  a biological  reaction.  Controls 
were  made  in  two  cases  with  vitreous,  lens  substance,  liver,  pla- 
centa, and  other  substances,  always  with  a negative  result.  The 
reaction  was  obtained  only  when  uveal  tissue  was  employed.  Seven 
cases  of  perforating  injuries  were  tested,  and  four  of  them  reacted 

positively.  . 

V.  Hippel  concludes  that  the  reaction  is  of  no  value  in  diagno- 
sis, especially  early  diagnosis;  that  it  does  not  help  the  prognosis; 
and  that  it  throws  no  light  upon  the  nature  of  the  disease,  i le 
reaction  is  not  specific  for  sympathetic  ophthalmia. 

Some  experiments  were  also  made  in  cases  of  lamellar  cataract 
with  tetany,  and  with  corneal  substance  trephined,  and  of  eyes  suf- 
fering from  interstitial  keratitis.  ^ 

Reaction,  Austrian’s.  An  ophthalmic  reaction  for  typhoid  fever  y 
the  use  of  an  antigen  prepared  from  a mixed  culture  of  a large 
number  of  different  strains  of  typhoid  bacilli. 

Reaction,  Calmette’s.  See  Calmette’s  ophthalmic  reaction,  p.  1361, 

Vol.  II  of  this  Encyclopedia.  p . 

Reaction,  Chantemesse’s.  The  ophthalmic  reaction  for  typhoid  fever, 
following  instillation  into  the  eye  of  typhoid  toxins.  The  ^eactioii 
is  much  more  severe  lhan  in  normal  individuals  or  in  those  affected 
iiy  another  disease. 

Reaction,  Consensual.  A reaction  that  takes  place  independently  of 
the  will.  See  p.  3186,  Vol.  V of  this  Encyclopaedia. 

Reaction,  Cutaneous.  Local  reaction  of  the  skin  following  inocula- 
tion with  tuberculosis  toxins.  It  is  more  marked  in  tuberculous 
subjects  than  in  normal  ones.  The  term  is  usually  applied  to  the 
von  Pinpiet  test  (q.  v.).  See  p.  10228,  Vol.  XII  of  this  Encyclo- 
pedia. . , ,• 

Reaction,  Epiphanin.  A reaction  for  the  determination  of  anti- 

bfKlies  in  the  blood-serum,  especially  in  the  serodiagnosis  of  syphilis. 
The  technic  depends  on  a change  of  reaction  to  phenolphthalcin  iii 
a neutralized  solution.  A mixture  of  the  suspected  solution  and  of 
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an  extract  from  a syphilitic  organ  are  made  as  follows : 0.1  c.c.  of  a 
10  per  cent,  solution  of  the  serum  in  physiologic  salt  solution  is 
mixed  with  0.1  c.c.  of  an  alcoholic  extract  of  a syphilitic  fetal  liver. 
To  this  is  slowly  added  1 c.c.  of  decinormal  sulphuric  acid  and 
1 c.c.  of  an  exactly  equivalent  solution  of  barium  hydroxid.  On  the 
addition  of  a drop  of  phenolphthalein  solution  the  fluid  turns  red 
if  the  serum  is  from  a syphilitic,  while  there  is  no  change  in  tint 
with  the  serum  of  a non-syphilitic  person.  See,  also,  p.  4492,  Vol. 
VI  of  this  Encyclopedia. 

Reaction,  Fornet’s.  A test  for  syphiUs.  The  serum  of  the  patient  is 
treated  with  the  serum  taken  from  a paretic.  If  syphilis  is  present 
a floeculent  ring  will  appear  at  the  line  of  contact  of  the  two  serums.’ 

Reaction,  Hemiopic  pupillary.  Hemikinesia.  Wernicke's  test.  In 
certain  cases  of  hemianopsia  the  stimulus  of  light  thrown  upon  one 
side  of  the  retina  causes  the  iris  to  contract,  while  light  thrown  on 
the  other  side  arouses  no  response.  See  p.  4621,  Vol.  VI  of  this  En- 
cyclopedia. 

Reaction,  Herxheimer  s.  An  inflammatory  reaction  produced  in  syph- 
ilitic tissues  following  the  ingestion  of  salvarsan,  mercury,  or  other 
specific  treatment,  supposed  to  indicate  failure  of  the  drug  t’o  cure. 

Reaction,  Loewi’s.  Dilatation  of  the  pupil  following  the  instillation 
into  the  eyes  of  a solution  of  adrenalin. 

Reaction,  Moro’s.  An  eruption  of  pale  or  red  papules  on  a cutaneous 
area  after  the  application  of  an  ointment  of  5 c.  c.  of  old  tuberculin 
and  5 gm.  of  anhydrous  wool-fat.  See  Moro’s  reaction,  p.  7867, 
Vol.  X of  this  Encyclopedia. 

Reaction,  Noguchi  s luetin.  A cutaneous  reaction  for  syphilis.  A 
drop  of  luetin  is  injected  into  the  skin  of  the  arm.  No  reaction  oc- 
curs in  a non-syphilitic  person,  but  in  one  affected  with  syphilis 
there  forms,  in  from  six  to  twenty-four  hours,  a distinct  papule 
surrounded  by  a bluish-red  halo.  See  Luetin,  p.  7543,  Vol.  X of 
this  Encyclopedia.  ’ 

Reaction,  Ophthalmic.  Local  reaction  of  the  conjunctiva  following 
instillation  into  the  eye  of  toxins  of  tuberculosis.  The  reaction  is 
much  more  severe  in  persons  affected  with  these  diseases  than  in 
the  healthy  or  those  affected  with  some  other  disease.  See  Cal- 
mette’s ophthalmo-reaction. 

Reaction,  Pain.  Dilatation  of  the  pupil  following  a painful  sensation. 
See,  also.  Pupil. 

Reaction,^  Perutz.  A reaction  in  the  serodia,gnosis  of  syphilis.  The 
patent’s  blood-serum  is  inactivated  and  0.4  c.  c.  of  it  is  dravm  off  with 
a pipette.  To  this  is  added  0.2  c.c.  of  each  of  the  two  following  solu- 
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tions:  (a)  sodium  glycocholate,  2.0;  cholesterin,  0.4;  95  per  cent, 
alcohol,  50;  or,  this  solution  being  diluted  with  water,  1:  20  parts,  (6) 
a 2 per  cent,  aqueous  solution  of  sodium  glycocholate.  The  whole 
is  shaken  vigorously.  If  syphilis  is  present,  fine  flakes  appear  in  the 
fluid. 

Reaction,  Quanti-Pirquet.  The  Pirquet  reaction  applied  with  a view 
to  the  amount  or  activity  of  the  tuberculous  infection. 

Reactions,  Bacterial.  See  Seropathy. 

Reactions,  Pupillary.  The  dilation,  contraction  and  other  reactions 
to  light,  accolnmodation  and  many  other  agents.  See  Pupil  in  health 
and  disease. 

Reactions,  Serum.  See  Serum  reactions,  and  Seropathy. 

Reaction,  Wassermann.  The  complement-fixation  reaction  applied  to 
the  diagnosis  of  syphilis.  When  the  blood-serum  of  a syphilitic 
patient  is  mixed  with  an  extract  of  the  liver  of  a still-born  syphilitic 
child,  no  reaction  takes  place ; but  if  the  patient  is  not  syphi- 
litic, hemolysis  occurs.  See  Wassermann  reaction. 

Reaction,  Wernicke’s.  See  hemiopic  pupillary  reaction,  p.  5767,  Vol. 
VIII  of  this  Encyclopedia. 

Reaction,  Wolff-Calmette.  See  Calmette’s  ophthalmo-reaction. 

Reaction,  Wolff -Eisner.  Calmette’s  ophthalmic  reaction. 

Read,  Sir  William.  An  English  ophthalmologist  of  the  18th  century, 
concerning  whom  we  know  almost  nothing.  He  wrote  a book  entitled 
‘‘Treatise  of  the  Eye  Contaiming  a Short  hut  Exact  Description  of  the 

Structure,  Situation as  also  the  Causes,  Symptoms  and  Cut  es 

of  130  Diseases  Incident  to  Them’^  (London,  1706),  copies  of  which 
are  extremely  rare. — (T.  H.  S.) 

Reading,  Care  of  the  eyes  during.  See  Care  of  the  eyes,  p.  1418,  Vol. 
IV  of  this  Encyclopedia. 

Real  focus.  See  Focus,  p.  5236,  Vol.  VII  of  this  Encyclopedia. 

Real  image.  An  image,  whether  due  to  refraction  or  reflection,  each 
point  of  which  is  formed  by  rays  proceedipg  from  a corresponding 
point  of  the  object.  See  Image,  p.  6169,  Vol.  VIII  of  this 

Encyclopedia. 

Rear-stop.  In  optics,  a diaphragm  with  a circular  hole  centrally 
placed  behind  a lens-system  in  order  to  restrict  the  aperture  to 
bundles  of  effective  rays  (q.  v.).  See,  also.  Aperture,  p.  533,  Vol. 
I of  this  Encyclopedia. — (C.  F.  P.) 

Reaumer’s  scale.  A thermometric  scale,  in  which  the  freezing  and 
boiling  points  of  water  are  respectively  marked  0°  and  80°. 

Reber,  James  WendeU.  (The  “James”  was  dropped  in  early  life.) 
A famous  Philadelphia  ophthalmologist.  Born  at  St.  Louis,  Mo.,  Apr. 
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3,  1867,  he  received  the  medical  degree  at  Washington  University  in 
that  city  in  1889  (afterwards  the  ad  eundem  at  Jefferson  Medical  Col- 
lege) and  also  praetised  general  medicine  at  St.  Louis  for  a number 
of  years.  It  seems  that  his  entrance  into  ophthalmology  was  very  grad- 
ual, and  not  to  be  referred  to  any  partieular  date.  After  a time  he 
removed  to  Norristown,  Pennsylvania,  where  he  was  long  an  interne 
in  the  Hospital  for  the  Insane. 

For  about  three  years  he  practised  ophthalmology  at  Pottsville, 
Pennsylvania.  Removing  to  Philadelphia,  his  career  as  a specialist 
of  international  reputation  was  soon  begun.  He  was  professor  of 
ophthalmology  in  the  Medical  Department  of  Temple  University,  pro- 
fessor of  diseases  of  the  eye  in  the  Philadelphia  Polyclinic ; ophthal- 
mologist to  the  Garretson,  Samaritan,  and  Philadelphia  General  Hos- 
pitals; Fellow  of  the  American  College  of  Surgeons,  honorary  member 
of  the  Chicago  Ophthalmological  Society,  past  president  of  the  Ameri- 
can Academy  of  Ophthalmology  and  Oto-Laryngology.  For  several 
years  he  was  a member  of  the  Oxford  Ophthalmological  Congress,  and 
in  1914  was  the  only  American  member  of  its  Council.  Socially,  ho 
was  past  president  of  the  Meridian  Club,  a member  of  the  Union 
League,  Manufacturers’  Club  and  Olivet  Lodge  of  Masons. 

Dr.  Reber  married,  Jan.  6,  1902,  Miss  Jessie  Dalrymple,  of  Phila- 
delphia. There  were  no  children.  While  attending  the  Memphis 
meeting  of  the  American  Academy  of  Ophthalmology  and  Oto-Laryn- 
gology, the  Doctor  was  seized  with  pneumonia,  and  died,  a few  days 
later,  at  his  home,  435  West  School  Lane,  Philadelphia. 

Dr.  Reber  was  a man  of  medium  height  and  weight,  of  a pale  com- 
plexion, bright  blue  eyes  and  brown  hair.  He  was,  as  a rule,  viva- 
cious in  conversation,  but  was  often  slow,  methodical  and  considerate 
about  his  work.  He  was  one  of  the  kindest-hearted  of  all  men,  and  the 
writer  regrets  the  impossibility  of  recording  here  a number  of  cases 
which  have  been  reported  to  him  (in  one  or  two  instances  by  the  bene- 
ficiaries themselves)  of  assistance,  financial  and  other,  which  Dr.  Reber, 
in  one  or  another  extremely  delicate  manner,  had  offered  to  the 
younger,  or  more  unfortunate,  members  of  the  profession.  The  Doc- 
tor’s own  early  life  had,  in  fact,  been  filled  with  great  privations, 
which,  however,  instead  of  embittering  him,  made  him  as  deeply  ten- 
der as  an  elder  brother  toward  the  struggling  juniors  in  his  art. 

Dr.  Reber ’s  tastes  were  catholic.  More  than  merely  an  ophthalmolo- 
gist, more  even  than  merely  a scientist,  he  was  thoroughly  versed  in 
the  lighter  literature  of  several  modern  lan^ages,  in  painting,  in 
sculpture,  and  in  architecture.  He  was  fond  of  scientific  gardening, 
and  collected  oriental  rugs.  He  also  collected  many  books,  and  loved 


REBER,  JAMES  WENDELL 


10891 


James  Wendell  Keber, 


10892 


REBER,  JAMES  WENDELL 


them  as  he  did  his  friends,  with  all  his  soul.  Though  never  a member 
of  any  church,  he  was,  as  a friend  who  knew  him  long  has  written, 
“broadly  tolerant  and  charitable,  and  living  every  day  a life  that  was 
near  to  God.” 

A letter  from  Casey  A.  Wood,  of  Chicago,  to  the  British  Journal  of 
Ophthalmology,  written  shortly  after  Dr.  Reber’s  death,  contains  one 
passage  about  the  well-loved  ophthalmologist  which  should  be  recorded 
here:  “A  telegram  yesterday  from  Wendell  Reber’s  secretary  tells 
me  of  his  untimely  and  sudden  death  from  pneumonia.  It  was  a great 
shock  to  me  and  robbed  the  new  year  of  any  modicum  of  joy  it  might 
otherwise  have  held.  What  a charming,  laughter-loving  friend  we  have 
lost!  I knew  Wendell  intimately  from  the  earliest  period  of  his  career 
and  loved  him — as  almost  everybody  did  love  him — like  a brother, 
and  I shall  miss  him  more  than  words  can  express.  ’ ’ 

Yet  another  communication  was  received  by  the  journal  named 
from  Dr.  Darier,  of  Paris.  This,  translated,  is  as  follows:  “I  am 
astounded  to  hear  of  the  death  of  our  amiable  Wendell  Reber.  What 
can  have  happened  to  him?  He  was  so  full  of  health  and  life  when 
we  saw  him  in  1914  at  Oxford.  He  completely  overcame  me  by  his 
ardor  for  the  work,  by  his  faith  in  science,  and  by  his  great  enthu- 
siasm (so  rare  at  the  present  day)  for  our  recent  therapeutic  con- 
quests. I shall  always  see  him,  his  luminous  ophthalmoscope  in  hand, 
running  about,  at  Oxford,  in  the  demonstration  halls,  in  quest  of  inter- 
esting cases,  sharp  eyes  on  the  alert  behind  the  quivering  eye-glasses, 
the  prompt  gesture,  the  precise  word  ever  at  the  command  of  a judg- 
ment surprisingly  clear  and  swift. 

“How  I loved  his  conversation,  so  full  of  unexpected  and  yet  judi- 
cious appreciations. 

“I  saw  him  for  the  last  time  at  my  clinic  in  Paris,  just  a few  days 
before  the  declaration  of  war,  and  in  his  last  letter  which  I received 
from  Philadelphia,  he  expressed  to  me  his  profound  sympathy  for  the 
French,  tp  whom  he  was  related  through  his  mother. 

“Ophthalmology,  in  the  death  of  Wendell  Reber,  has  suffered' a 
great  loss,  and  all  who  knew  him  will  remember  him  forever.  ’ ’ 

For  the  very  long  list  of  the  Doctor’s  contributions  to  periodic  lit- 
erature, the  reader  is  referred  to  the  Index-Catalogue  of  the  Library 
at  the  Surgeon  General’s  Office.  In  conjunction  with  Dr.  Howard  F. 
Hansell,  he  wrote  ‘‘Muscular  Anomalies  of  the  Eye,”  a book  well 
known  to  every  ophthalmologist.  He  was  Department  Editor  of  “The 
Ophthalmic  Year  Book,”  author  of  “Anesthesia,  Local  and  General,” 
in  Wood’s  “System  of  Ophthalmic  Operations,”  and  was  one  of  the 
busiest  and  most  esteemed  collaborators  on  this  Encyclopedia. — 
(T.  H.  S.) 
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Receptor.  A hypothetical  group  of  atoms  of  the  cell  molecule  which 
has  the  power  of  combining  with  and  anchoring  tlie  haptophore  group 
of  toxins,  of  amboceptors,  or  of  cells.  Receptors  may  continue  to  be 
attached  to  the  cell  or  may  be  cast  off  in  the  serum,  in  either  case 
retaining  their  combining  powere.  See  p.  857,  Vol.  II  of  this  Ency- 
clopedia. 

Rechteckig.  (G.)  Rectangular. 

Recidive.  (F.)  Recurrence;  relapse. 

Recklinghausen’s  canals.  Small  lymph  channels  in  the  connective  tis- 
sue which  are  regarded  as  ultimate  branches  of  the  lymphatic  ves- 
sels. 

Recklinghausen’s  disease,  Eye  changes  in.  Multiple  neurofibroma- 
tosis. Oscar  Fehr  {Centralbl.  f.  prak.  Augenheilk.,  Sept.  1913;  re- 
view by  Levy  in  the  Ophtholmoscope^  p.  291,  May,  1914)  says  that 
Recklinghausen  believed  the  affection  to  be  a pure  fibromatosis  arising 
in  the  endo-  and  perineurium,  and  therefore  he  termed  the  growth 
neuro-fibroma.  Verocay  held  that  the  tissue  of  these  tumors  was  not 
fibrous  but  a peculiar  neurogenic  tissue,  produced  either  by  the  nerve 
fibre  cells  themselves  or  their  corresponding  embryonal  cells,  and  sug- 
gested the  name  neurinoma.  The  affection  is  therefore  to  be  regarded 
as  a malformation  or  as  a disease  of  nerves  upon  a congenital  basis. 
Recently  Weichselmann  advanced  a toxic  theory  to  explain  the  affec- 
tion. He  noticed  the  frequent  association  of  this  disease  with  osteo- 
malacic changes,  and  came  to  the  conclusion  that  disease  of  the  glands 
with  internal  secretion,  especially  the  pituitary,  had  something  to  do 
with  this  neurofibromatosis.  There  is  at  least  a resemblance  between 
this  affection  and  some  of  the  appearances  in  acromegaly  and  Addi- 
son’s disease,  and  some  of  the  visual  disturbances  in  neurofibroma- 
tosis can  be  explained  by  changes  in  the  pituitary. 

The  eye  changes  found  depend  upon  the  situation  of  the  nerve 
changes,  whether  it  be  in  the  lids,  the  globe  (ciliary  nerves)  causing 
buphthalmos,  the  orbit,  or  the  interior  of  the  skull.  A unique  case  is 
that  reported  by  Hirschberg  in  1874  of  a pericorneal  tumor  of  this 
nature.  It  had  been  removed  by  A.  von  Graefe  in  1865,  but  had  re- 
curred several  times  afterwards. 

Fehr  reports  six  cases,  one  with  a postneuritic  atrophy,  one  with 
retrogressive  papillitis  and  some  deepening  of  the  sella  turcica,  one 
case  of  severe  elephantiasis  of  the  face  and  lids.  The  last  caused 
considerable  operative  difficulty  in  forming  a moveable  eyelid,  and  at 
the  same  time  bringing  the  palpebral  fissure  opposite  the  eye.  Another 
case  developed  a thrombosis  of  one  central  vein,  and  in  spite  of  a 
Kronlein  operation,  the  site  of  the  offending  tumor  could  not  be  found. 
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Reclination.  The  angle  which  the  plane  of  a sun  dial  makes  with  a 
vertical  plane  which  it  intersects  in  a horizontal  line. 

Reclination  of  cataract.  Coucpiing.  Depression  op  cataract.  An 
old  method  of  operating  for  cataract  by  introducing  a needle  through 
the  sclera  just  behind  the  ciliary  region,  passing  it  between  the  iris 
and  the  lens,  and  then  depressing  the  lens  into  the  vitreous  till  it  lies 
at  the  bottom  of  the  eye  in  a horizontal  position  with  its  anterior  sur- 
face upward.  See  p.  1473,  Vol.  IT,  and  p.  3544,  Vol.  V of  this  Ency- 
clopedia. 

In  addition  to  this  information  the  OphihalniK  Year  Booh,  p.  223, 
1909,  notes  that  in  a patient  who  had  lost  his  left  eye,  and  .suffered 
from  cataract  and  chronic  purulent  dacryocystitis  in  the  right  eye, 
Perez  y Bufill  depressed  the  cataract.  Tlie  vision  remained  good  two 
years  later.  True  also  reports  a case  in  which  on  account  of  trachoma, 
purulent  dacrycystitis  and  intraocular  lesions,  extraction  was  con- 
sidered impracticable.  After  preliminary  iridectomy  he  did  depres- 
sion of  the  cataract,  and  three  weeks  later  the  patient  had  vision  of 
1/10.  Krauss,  after  a preliminary  iridectomy,  failed  to  extract  the 
lens,  because  of  liquid  vitreous  which  promptly  presented.  Four 
months  later  he  depressed  the  lens,  obtaining  vision  of  4/40.  This  was 
lost  after  two  years.  On  the  other  eye  Krauss  did  extraction,  using  the 
Snellen  loop,  with  a .succe.ssful  result.  Kuhnt  suggests  that  zonulotomy 
may  be  practised  as  a preliminary  to  reclination.  , 

Reclinatio  palpebrarum.  (L.)  Ectropion. 

Reclinator,  Basso’s.  This  instrument  (for  the  depre.ssion  of  cataract) 
is  introduced  through  an  opening  previously  made  in  the  ocular  wall. 
See  cut. 


Basso’s  Cataract  Reclinator. 


Reclusor  palpebrarum.  (L.)  A name  for  the  levator  palpebrie  su- 
perioris. 

Reconstruction  in  ocular  injuries.  See  Injuries  of  the  eye;  War, 
Ophthalmic  medicine  and  surgery  in;  Plastics,  p.  10255,  Vol.  XIII; 
Military  surgery  of  the  eye;  as  well  as  such  headings  as  Orbit; 
Blepharoplasty,  and  Re-education  of  the  blinded. 

Recrudescence.  A renewed  or  repeated  acute  condition  of  the  dis- 
ease after  a decline  or  intermission. 

Recruits,  Visual  requirements  in  army.  See  Eyes  of  soldiers,  etc.,  p. 
5059,  Vol.  VII  of  this  Encyclopedia,  where  the  eyesight  of  American 
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soldiei's  is  in  particular  discussion.  In  addition  attention  is  drawn  to 
the  paper  of  Paterson  and  Traquair  (London  Lancet,  May,  1916)  that 
contains  a table  showing  the  visual  standard  for  recruits  in  the  chief 
European  armies.  In  France,  Germany,  Austria  and  Italy,  the  vision 
with  glasses  determines  the  acceptance  or  rejection  of  a recruit, 
whereas  in  Great  Britain  it  is  the  vision  ^vithout  glasses  which  counts. 
This  difference  is  due  to  the  fact  that  up  to  the  commencement  of  the 
present  war,  the  British  army  was  organized  largely  for  foreign  serv- 
ice at  a great  distance  from  its  base,  where  there  might  be  difficulty  in 
providing  proper-fitting  glasses.  In  the  British  army,  the  standard 
for  general  service  requires  without  correction  vision  of  6/24  in  the 
better  eye  and  6/60  in  the  worse  eye,  which  must  be  the  left.  In  Ger- 
many combatants  are  required  to  have  corrected  vision  of  at  least 
6/12  in  one  eye,  while  in  the  other  eye,  the  corrected  vision  may  be 
minimal,  and^in  the  Landstrum  the  second  eye  may  even  be  blind. 
In  the  armies  of  Germany,  Austria,  France  and  Italy,  more  than  six 
diopters  of  myopia  are  allowed.  So  far  as  shooting  is  concerned,  it  is 
generally  agreed  that  vision  of  6/12  at  least  is  necessary,  and  on  the 
continent  it  is  believed  that  a soldier  with  6/12  vision  wearing  glasses 
is  more  efficient  as  a combatant  than  another  with  6/24  vision  without 
gla.sses.  Continental  authorities  have  found  that  on  an  average  soldiers 
who  see  best  shoot  best,  and  that  those  who  wear  correcting  spectacles 

shoot  better  than  those  who  do  not. 

The  authors  conclude  with  the  following  summary: 

1.  The  present  sight  test  for  general  service  for  recruits  for  the 
British  is  by  far  the  highest  in  Europe,  and  excludes  from  the  fight- 
ing line  large  numbers  of  men  who  are  freely  used  as  combatants  in 

the  armies  of  the  chief  continental  powers.  ^ ^ 

2.  This  is  dne  to  the  fact  that  in  the  British  sight  test  the  vision 
without  glasses  (uneorrected  vision)  is  what  counts,  whereas  in  the 
chief  continental  armies  it  is  the  vision  with  glasses  (corrected  vision) 

which  counts.  . j 

3.  In  view  of  the  present  want  of  men  there  is  urgent  need  for  the 

immediate  adoption  of  a remodelled  sight  test  based  on  corrected  vi- 
sion, on  the  lines  of  the  military  visual  standards  in  use  on  the  conti- 
nent of  Europe.  . 

Rectangle.  A quadrilateral  plane  figure,  having  all  its  angles,  right 

angles  and  its  opposite  sides  consequently  equal. 

Rectiligne.  (F.)  Rectilinear. 

Rectilineal.  Composed  of  straight  lines. 

Rectmnear  lens.  A lens  that  projects  an  image  in  all  respects  similar 
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to  the  object,  an  orthoscopic  image.  See  also  Image,  p.  6170,  Vol. 
VIII  of  this  Encyclopedia. — (C.  F.  P.) 

Rectilinearly.  In  a right  line. 

Recti  (muscles).  Four  straight  muscles  attached  to  the  back  of  the 
bony  orbit,  around  the  edges  of  the  foramen  through  which  the  optic 
nerve  passes,  and  running  straight  forward  to  their  insertion  into 
the  sclerotic.  See  Muscles,  Ocular,  p.  7889,  Vol.  X;  also  p.  359,  Vol. 
I of  this  Encyclopedia.  ’ 

Recuperative  extension  field.  In  this  form  of  the  visual  field  its  area 
enlarges  after  rest  from  fatigue. 

Recurrence,  Principle  of.  See  Principle  of  recurrence,  p.  10373,  Vol. 
XIII  of  this  Encyclopedia.  ’ 

Recurrent  erosion  of  the  cornea.  See  Injuries  of  the  eye,  under  the 
sub-section  Injuries  of  the  cornea;  also  Cornea,  Relapsing  erosion  of 
the,  p.  3438,  Vol.  V of  this  Encycloped/ia. 

Recumng  optic  neuritis.  Under  this  caption  H.  Terlinck  (Ophthal- 
mology,  p.  78,  Oct,  1912)  gives  the  history  of  a woman,  set.  25  with 
well  marked  syphilitic  secondaries  and  double  optic  neuritis.  The 
optic  inflammation  apparently  followed  intramuscular  and  other  forms 
of  injection  of  salvarsan  on  several  occasions,  and  he  believes  the 
ocular  affection  to  have  been  due  directly  in  each  instance  to  the  treat- 
ment' for  lues. 

Recurrent  third-nerve  paralysis.  See  p.  7697,  Vol.  X of  this  Encyclo- 
pedia. 

J.  F.  Klinedinst  {Ophthalmology,  p.  35,  1912)  refers  to  the  rarity 
oi  the  disease  and  mentions  cases  reported  by  deSchweinitz,  Leszyn- 
s y,  Sachs,  Weber  and  Onuf  and  Posey,  some  typical  while  others 
are  not  true  cases  of  recurrent  oculomotor  palsy.  Various  causes  have 

been  advanced  by  different  authorities  to  account  for  this  form  of 
palsy. 

From  time  to  time,  generally  at  regular  intervals,  a paralysis  of  the 
oculomotor  nerve  occurs  which  disappears  after  some  days,  weeks  or 
months.  Children  are  generally  affected;  a nervous  predisposition 
was  not  noticed  by  most  observers.  There  occurred  with  the  paralysis, 
which  generally  attacked  the  same  nerve  (not  passing  from  one  side  to 
the  other) , headache  or  pain  in  the  eyeballs,  the  forehead,  or  the  whole 
front  of  the  head  on  the  side  of  the  paralysis,  with  nausea  and  vomit- 
ing. The  headache  generally  had  the  character  of  migraine  attacks, 
returning  every^  four  weeks  or  at  longer  intervals,  and  was  almost  al- 
ways accompanied  by  the  oculomotor  paralysis.  It  is  the  rule  that 
this  begins  the  a,ttack,  and  disappears  when  the  other  symptoms  come 
on.  In  contradistinction  to  typical  migraine,  the  headache  and  the 
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vomiting  may  last  for  a week.  This  paralysis  involves  generally  the 
whole  oculomotor  nene;  in  some  cases  some  of  the  branches  were 
spared.  The  pai*alysis  may  even  confine  itself  to  the  levator  palpa- 
brte  superioris  (Knapp).  A decrease  in  sensation  of  the  region  sup- 
plied by  the  fii-st  branch  of  the  trigeminal  was  observed  in  some  cases. 

There  are  cases  of  purely  periodical  and  of  periodical  exacerbating 
(Senator)  oculomotor  paralysis.  In  the  latter  type  a paresis  of  the 
nerve  or  of  some  of  its  branches,  which  may  increase  to  total  paraly- 
sis is  present  between  the  attacks ; in  the  first  _we  find  nothing  in  the 
intervals.  It  also  occurs  that  the  paralysis  disappears  after  the  first 
attack,  but  persists  partly  later  on. 

We  do  not  know  anything  positive  concerning  the  cause  of  these 
symptoms  nor  the  seat  of  the  disease.  Some,  as  Mobius  and  Brissaud, 
assume  a nuclear  disease;  others,  and  the  majority,  a basal  disease. 
In  the  eases  which  came  to  an  autopsy  (Gubler,  Weiss,  Thomsen- 
Richter,  Karplus),  the  trunk  of  the  oculomotor  was  found  diseased; 
in  one,  a plastic  exudate,  in  the  others  a neoplasm  (tubercle,  fibrochon- 
droma,  neuroma)  was  found.  Many  views  are  expressed — functional 
distrubance,  local  hyperemia,  vascular  anomalies,  and  the  like,  to 
account  for  the  symptoms.  The  most  plausible  is  that  of  Charcot, 
that  periodical  oculomotor  paralysis  is  allied  to  hemicrania,  and  prob- 
ably the  latter,  also,  can  be  referred  to  vasomotor  influences.  A vas- 
cular spasm  inhibits  the  flow  of  blood  to  the  nerves,  and  thereby  pro- 
duces the  paralysis;  or  the  arterial  nerves  become  paralyzed,  and  the 
overfilling  of  the  vessels  produces  a corresponding  compression  of  the 
nerves. 

These  attacks  may  recur  many  times  without  injuring  the  nerves. 
But  in  time  a degenerative  and  inflammatory  process  takes  place, 
which  is  not  capable  of  complete  retrogression. 

It  should  also  be  understood  that  a circulatory  disturbance  recur- 
ring like  this  one  can  be  the  starting  point  for  exudative  processes  and 
neoplasms. 

Charcot  emphasizes  its  intimate  connection  with  migraine,  and 
speaks  of  “migraine  ophthalmopegia. ” 

Fuchs  believes  that  to  the  paralysis  of  basal  origin  belong  most  eases 
of  periodic  paralysis  of  the  eye  muscles.  Such  paralysis  most  fre- 
quently affects  the  oculomotorius.  The  attacks  are  ushered  in  by  head- 
ache which  is  often  associated  with  vomiting  (ophthalmoplegic  mi- 
graine). After  these  symptoms  have  lasted  for  some  days,  the  paral- 
ysis sets  in.  After  some  days  or  weeks  this  either  disappears  entirely 
or  leaves  a paresis  of  the  muscles  that  lasts  till  the  next  attack.  The 
disease  often  begins  in  childhood  and  ends  either  in  recovery  or  in 
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permanent  paralysis.  Some  of  these  are  of  purely  functional  nature 
(hysterical).  In  others  there  is  a basal  lesion,  a circumscribed  exudate 
or  small  new-growth  that  presses  on  the  nerves. 

Recurvate.  Curving  backward. 

Red,  Scarlet,  a.  A synthetic  dye,  the  sodium  salt  of  disulphonic 
acid : used  as  a differential  stain  for  fat.  b.  A synthetic  dye,  said  to 
be  amido-azotolueneazo-B-naphthol.  It  has  been  employed  locally  to 
produce  epithelial  growth  in  ulcer  and  other  conditions  causing  skin 
deficiencies.  Called,  also,  Biehrich-red  and  fat-PonceaU'-red.  It  has 
been  used  in  ulcerative  blepharitis  and  comeal  ulcer.  See  p.  3406, 
Vol,  V of  this  Encyclopedia. 

Red-blindness.  See  p.  2427,  Vol.  IV  of  this  Encyclopedia. 

Red-eye.  Rudd.  A fish  belonging  to  the  same  genus  as  roach,  chub 
and  minnow.  It  much  resembles  the  roach,  but  is  shorter  and  deeper. 
It  is  richly  colored,  the  name  rudd  referring  to  the  color  of  the  fins, 
the  name  red-eye  to  that  of  its  iris. 

Redi,  Francesco.  A versatile  and  distinguished  Italian  poet,  natural- 
ist-historian and  physician  (1626-1697)  who  became  professor  of  med- 
icine at  Pisa  and  body-physician  to  Cosmo  II  of  Tuscany.  He  is  espe- 
cially to  be  remembered  for  his  investigations  into  the  nature  of  viper  s 
poison  and  into  the  manner  of  reproduction  of  the  lower  forms  of  life. 

He  is  of  interest  to  ophthalmologists,  however,  chiefly  because  of 
the  light  he  sheds  on  the  first  employment  of  spectacles,  or  indeed  of 
lenses  of  any  form  used  for  the  betterment  of  vision.  Thus,  quoting 
from  a manuscript  work  in  his  possession,  dated  1299,  and  entitled, 
“Trattato  di  governo  della  famigli  adi  Santro  di  Pipozzo  di  Sandro 
ittadino  Fiorentino  fatto  nel  1299,  assemprato  da  Vanni  del  Busca 
Cittadino  Fiorentino  suo  genero,”  he  has  preserved  for  us  of  to-day 
the  following  passage  from  the  “Introduction”:  “I  find  myself  so 
burdened  by  years  that  I have  no  power  to  read  and  write  without  the 
glasses  which  are  called  eyeglasses  and  which  were  recently  invented 
for  the  convenience  of  poor  old  men,  when  they  become  weak  in  sight.  ’ ’ 
Redi  also  quotes  from  a sermon  of  Giordano  da  Rivalto,  preached  at 
Florence  Feb.  23,  1305,  the  following  interesting  passage:  “It  is  not 
yet  20  years  since  the  art  was  discovered  of  making  eyeglasses,  which 
give  the  power  to  see  distinctly,  which  is  one  of  the  best  and  most 
necessary  arts  which  the  world  possesses.” 

In  both  these  passages,  however,  not  the  invention,  but  the  re- 
invention  of  “eyeglasses”  was  the  fact  in  the  minds  of  the  original 
writers.  See,  on  this  point.  Spina.,  Alexander  de;  as  well  as  p.  4894, 
Vol.  VII  of  this  Encyclopedia. — (T.  H.  S.) 

Red  light  as  a danger  signal.  See  p.  2473,  Vol.  IV  of  this  Encyclo- 
pedia. 
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Red  precipitate.  See  Mercury,  Red  oxide  of,  p.  7655,  Vol.  X of  this 
Encyclopedia-. 

Reduced  eye.  Schematic  eye.  An  imaginary  eye  in  which  the  com- 
pound dioptric  system  of  the  human  eye  is  reduced  to  a single  re- 
fracting surface,  bounded  anteriorly  by  air  and  posteriorly  by  aque- 
ous or  vitreous  humor.  Where  very  great  accuracy  is  not  required, 
this  reduced  eye  may  be  made  the  basis  of  a number  of  considera- 
tions and  calculations.  See  Physiological  optics,  especially  p.  97o5, 
Vol.  XIII;  also,  Listing,  Reduced  eye  of,  p.  7498,  Vol.  X of  this 
Encyclopedia.  See,  also.  Schematic  eye. 

Reducibility  of  the  globe.  Langenhans  {Oph.  Review,  p.  32,  Jan., 
1911)  discusses  the  degree  to  which  an  eye  can  be  pushed  back  into 
the  orbit  against  the  resistance  of  the  orbital  tissues  and  claims  that 
it  may  have  an  important  diagnostic  bearing  in  certain  cases;  hith- 
erto one’s  finger  pressure  has  been  one’s  only  guide.  The  diagnostic 
point  might  be  very  important  in  cases  of  doubtful  tumors  of  the 
orbit,  of  Graves’  disease,  etc.  The  author  has  devised  an  instrument 
standing  on  three  adjustable  feet,  to  which  is  attached  a cylinder  of 
aluminum.  By  means  of  this  device  pressure  is  effected  upon  the 
closed  eyelid  (not  upon  the  cocainized  cornea).  The  instrument 
registers  the  amount  of  change  of  position  which  takes  place  with  a 
given  weight  in  a given  space  of  time.  So  far  as  reported  the  use  of 
the  instrument  has  been  limited  by  him  to  physiological  conditions. 
In  57  cases  of  healthy  eyes  Langenhans  has  found  that  a pressure 
of  100  grammes  gave  an  average  displacement  of  41/2  mm. ; doubling 
the  pressure  gave  an  average  displacement  of  mm. 

Red-vision.  Erythropsia,  See  p.  4519,  Vol.  VI  of  this  Encyclopedia. 

Reed.  Calamagrotis  lamceolata.  Reed-ashes,  in  the  time  of  Archigenes, 
were  employed  in  madarosis  (q.  v.)  with  a view  to  the  reproduction 
of  the  cilia.  They  were  usually  mixed  with  the  dung  of  goats  and 
mice,  and  with  a number  of  other  substances. — (T.  H.  S.) 

Re-education  of  the  blinded.  Remaking  of  the  war  blinded.  Voca- 
tional RECONSTRUCTION  OP  THE  BLINDED.  This  sectioii  should  be  read 
in  conjunction  with.  Institutions  for  the  blind,  p.  6372,  Vol.  VIII  of 
this  Encyclopedia,  as  well  as  with  most  of  the  Blind  and  Blindness 
headings  in  Vol.  H.  (See,  also.  Reconstruction.) 

The  conception  of  a blind  man  returning  to  his  usual  social  duties 
so  equipped  industrially  that  he  can  compete  on  equal  terms  with 
his  sighted  fellow  citizens  was  put  in  practice  for  the  first  time  dur- 
ing and  after  the  Great  War,  1914-1919.  Consequently  what  fol- 
lows is  essentially  new  and  has  not  been  fully  considered  hereto- 
fore in  this  work.  The  first  portion  is  taken  almost  verbatim  from 


10900  RE-EDUCATION  OF  THE  BLINDED 

The  Disabled  Soldier  (Macmillan  and  Co.,  p.  120,  1919),  edited  by 
Douglas  McMurtrie,  one  of  the  authors  of  the  section  on  Institu- 
tions for  the  blind  in  this  Encyclopedia.  It  was  written  by  Lieut. 
Col.  Jas.  Bordley  Jr.,  Director  of  the  Red  Cross  Institute  for  the 
BUnd  at  “Evergreen,”  the  country  estate  of  99  acres  and  large 
buildings  given  by  Mi*s.  T.  Harrison  Garrett  to  the  government 
through  the  Surgeon  General  of  the  Army,  and  situated  near  Balti- 
more, Md.  The  chapter  in  question  was  written  with  the  coopera- 
tion of  Chas.  F,  F.  Campbell,  another  contributor  to  the  section  on 
Institutions  for  the  blind  (in  the  United  States),  Superintendent  of 
the  Ohio  State  School  for  the  Blind  and  assistant  at  “Evergreen” 
to  Col.  Bordley. 

These  writers  remind  us  that  blindness  is  a very  serious  handicap, 
the  intensity  of  which  cannot  be  minimized.  This  is  especially  the 
case  with  the  loss  of  sight  occurring  in  adult  life,  as  with  the  blinded 
soldier.  With  all  his  activities  organized  on  a sighted  basis,  the  new 
limitation  seems  crushing.  Yet  there  is  a way  out  of  the  darkness  to 
happiness,  and  it  is  our  sacred  duty  to  help  the  blind  veteran  to  find 
that  road. 

This  obligation  has  been  well  stated  by  Eugene  Brieux,  who  has 
taken  a deep  interest  in  the  war-blinded  of  France.  “For  some 
wounded  soldiers  our  responsibility  is  over  when  their  wounds  are 
healed,  but  for  the  blind  it  then  only  begins.  Blinded  soldiers  have 
been  reduced  to  a state  of  disadvantage  to  ofher  men;  they  have  be- 
come again  children,  before  whom  stretches  the  possibility  of  a happy 
life,  but  who  must  be  initiated  into  this  new  life.  They  have  need  of 
treatment  other  than  physicians  can  give,  of  other  aid  than  consola- 
tion and  kindness.  They  need  to  be  prepared  for  their  new  life to 

be  armed  for  the  struggle  upon  which  they  are  entering.  It  is  true 
that  they  enter  the  struggle  less  enfeebled  than  one  would  think,  far 
less  than  they  themselves  believe,  but  their  capacities  are  of  a differ- 
ent kind  from  what  they  were  before,  and  the  period  of  adaptation 
is  hard.”  During  this  period,  those  privileged  to  care  for  the  blinded 
soldier  will  need  all  the  tact  and  skill  at  their  command. 

Fortunately,  the  number  of  soldiers  suffering  from  loss  of  sight, 
total  or  approximate,  is  comparatively  small.  According  to  British 
statistics  injuries  to  sight  account  for  but  two  and  eight-tenths  per 
cent,  of  the  disability  pensions  granted.  In  the  Canadian  forces  up 
to  date  there  have  been  blinded  less  than  one  hundred  men.  In  France 
about  1.2  per  cent,  of  all  major  disabilities  was  blindness  in  one  or 
both  eyes;  total  blindness  in  both  eyes  about  one-tenth  of  one  per 
cent;  somewhat  more  than  the  American  experience. 


RE-EDUCATION  OF  THE  BLINDED 


10901 


In  starting  with  the  blinded  soldier  there  are  two  primary  require- 
ments. The  first  is  to  overcome  the  deep  discouragement  in  which 
the  man  is  likely  to  be  plunged.  The  second  is  to  teach  the  blind  sol- 
dier how  to  accomplish  the  little  everyday  tasks  which  make  life 
possible  and  comfortable.  The  first  of  these  goes  with  the  latter, 
for  as  the  man  learns  how  to  take  care  of  himself  and  get  about  with 
some  facility,  hope  begins  to  return.  In  these  early  stages  another 
blind  man  is  the  best  teacher,  and  will  succeed  where  the  sighted  fail. 
Sometimes  a fellow  warrior  who  has  himself  been  blinded,  but  has 
already  had  his  start,  will  be  most  effective  of  all.  The  first  blinded 
American  sailor  who  returned  to  our  training  center  at  Baltimore  was 
so  far  depressed  that  his  case  seemed  hopeless.  Nothing  could  be  done 
with  him  until  there  was  put  on  the  job  the  first  blinded  American 
soldier,  who  had  an  earlier  start  and  had  already  “seen  the  light.” 
His  companionship  and  encouragement  turned  the  trick,  and  of  course 
the  advantage  was  reciprocal. 

All  along  the  course  of  re-education  the  blind  can  be  of  the  greatest 
assistance  to  these  sightless  soldiers.  They  make  good  teachers  for, 
when  they  argue  that  a thing  can  be  done,  it  is  likely  to  carry  con- 
viction. They  know  whereof  they  speak. 

Another  necessity  is  teaching  the  families  to  have  a blind  member, 
and  be  helpful  to  him  rather  than  the  reverse.  The  American  program 
for  re-educating  the  blinded  soldiers  provides  for  bringing  the  fami- 
lies of  the  men  to  the  training  school  for  a visit,  so  that  they  may  be- 
come acquainted  with  and  understand  the  methods  by  which  the  men 
are  led  to  be  independent.  If  when  the  man  returns  home  the  family 
immediately  discourages  his  ever  moving  out  of  his  chair,  insists  that 
he  will  stumble  if  he  walks  about  the  house,  and  brings  everything  to 
him,  they  will  be  destroying  the  good  accomplished  during  his  train- 
ing.’ It  has  been  well  said  that  “they  should  not  place  him  in  a cor- 
ner out  of  reach  of  all  danger  like  a feeble  old  man  or  a child  in  swad- 
dling clothes.”  They  must  rather  tactfully  encourage  him  to  do  more 
and  more  for  himself  and  urge  him  to  get  up  and  about.  They  must 
be  prepared,  in  a word,  to  continue  his  re-education. 

Blinded  soldiers  must  be  protected  during  their  period  of  training 
against  the  visits  of  curious  but  well-meaning  people,  whose  ill-ad- 
vised remarks  will  do  more  harm  in  a few  minutes  than  the  benefit 
which  a teacher  will  impart  in  as  many  days.  Several  French  schools 
have  prominently  displayed  this  notice:  “To  pity  is  not  to  console! 
Only  words  of  hope  and  confidence  should  be  spoken  here.” 

Recreation  is  an  important  factor  in  the  social  tieatment  of  the 
blinded  soldier.  One  of  the  primary  methods  of  entertainment — with 
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instruction  combined — is  reading  aloud  to  a group  of  men.  At  one 
of  the  oldest  schools  for  the  blind  in  Paris  a daily  newspaper  is  read 
from  each  morning,  the  choice  of  the  journal  being  determined  by  vote 
of  the  auditors.  Music  is  another  means,  and  the  blind  should  be 
encouraged  to  take  part  in  group  singing.  Many  athletic  games  of 
considerable  vigor  are  entirely  within  the  reach  of  the  blind,  and  al- 
most any  form  of  gymnastic  work  is  practical. 

For  inside  recreation  there  are  playing  cards  with  raised  symbols 
of  identification,  dominoes  with  the  dots  raised  instead  of  sunk,  and 
sets  of  checkere  with  the  black  pieces  square  and  the  red  pieces  round. 

The  fii-st  educational  necessity  for  the  blinded  soldier  is  the  learning 
of  Braille.  Fortunately,  in  this  country  and  Great  Britain  the  di- 
vergencies of  opinion  which  were  responsible  for  the  existence  of  sev- 
eral alphabets  have  been  reconciled  and  there  has  now  been  adopted 
a standard  type.  Learning  this  the  blind  man  will  be  enabled  to 
continue  his  reading  or  study  to  keep  posted  on  current  developments 
through  a monthly  magazine  in  raised  letters,  and  correspond  with  his 
friends.  He  may  himself  write  either  in  embossed  print  or,  with  the 
aid  of  a guide  to  keep  the  lines  straiglit  and  regular,  with  pencil  or 
pen.  He  should  be  encouraged  to  do  the  latter  so  that  he  may  not 
forget  how.  With  men  wlio  were  illiterate  before  they  became  blind 
the  matter  of  teaching  them  to  read  and  write  Braille  is  not  so  im- 
portant. See  Alphabets  for  the  blind,  Vol.  I of  this  Encyclopedic. 

In  the  past,  the  blind,  like  the  crippled,  have  suffered  from  the 
conception  that  the  only  occupations  witliin  tlieir  capabilities  were 
those  of  basket-making,  chair-caning,  and  other  similar  handicrafts. 
Almost  no  schools  luul  attempted  teaching  the  more  highlj^-skilled 
specialties.  Yet  the  few  experiments  which  have  been  attempted,  and 
the  instances  where  ambitious  blind  men  have  made  places  for  them- 
selves, show  that  well-paid  occupations  are  not  closed  to  the  sightless. 
A few  examples  will  show  the  manner  in  which  the  problem  is  ap- 
proached. 

In  a large  factory  making  an  ignition  and  lighting  system  for  auto- 
mobiles, much  expert  assembly  work  is  perfonned  by  a man  totally 
blind.  Is  this  man,  who  does  all  his  work  by  sense  of  touch,  under 
any  handicap  in  competition  with  his  sighted  colleagues  ? As  a matter 
of  fact,  he  is  probably  a more  faithful  workman  because  he  appreciates 
the  opportunity  of  his  job,  and  is  likely  to  turn  out  a better  day’s 
product  that  the  man  next  to  him  because  he  will  not  be  distracted  by 
looking  out  of  the  window  at  things  going  on  in  the  street. 

In  a clock  factory  which  uses  as  gongs  spiral  coils  of  tempered  wire 
it  is  necessary  accurately  to  test  and  adjust  the  tone  of  each  gong. 
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This  is  done  by  striking  the  coil,  listening  to  the  result,  and  then 
making  the  necessary  change  by  a screw  sleeve  at  one  end.  In  this 
job  which  requires  the  use  of  two  senses  only — touch  and  hearing — 
is  a blind  man  at  any  disadvantage  after  he  has  acquired  skill  for  this 
work  ? 

The  first  attempt  in  planning  occupations  for  the  blind  is  to  send 
them  back  to  their  former  trade,  if  this  is  in  any  way  possible.  Anri 
it  will  be  found  practicable  in  more  instances  than  would  be  imagined. 
In  actual  experience  competent  blind  workmen  will  be  encountered 
in  almost  every  line  of  employment. 

Two  satisfactory  occupations  which  are  almost  traditional  to  the 
blind  are  massage  and  piano-tuning.  Men  who  have  been  trained  in 
the  first  subject  have  gone  back  to  employment  in  military  orthopedic 
hospitals,  where  their  patients  are  fellow-soldiers  injured  in  other 
ways.  The  period  of  training  is  fairly  long  and  the  work  only  suited 
to  men  with  certain  qualifications,  but  for  those  who  can  learn  to  be 
good  masseurs,  employment  is  secure  and  earnings  good.  In  Japan 
the  practice  of  massage  has  been  reserved  as  a monopoly  for  the  blind. 
Piano-tuning  is  for  many  blind  men  an  excellent  business,  but  it  is  a 
crowded  field  and  care  must  be  taken  not  to  train  for  it  too  many 
novices. 

J^Ien  employed  in  clerical  lines  before  the  onset  of  blindness  can  be 
trained,  with  the  aid  of  a few  simple  devices,  to  continue  their  office 
job. 

Many  blind  soldiers  who  come  from  the  fanns  can  most  advan- 
tageously return  to  the  same  work.  The  man  without  sight  is  in 
many  ways  better  off  in  the  country,  where  he  can  get  around  with 
little  difficulty,  without  the  need  of  a guide,  and  with  small  risk  of 
accident.  In  addition  the  national  interest  is  served  by  his  continued 
activity  as  a good  producer. 

It  may  appear  at  first  that  a blind  man  could  not  get  on  at  all  in 
work  about  a farm.  But  note  the  evidence  in  a letter  from  a blinded 
French  soldier: 

“A  man  used  to  working  on  the  farm,  even  if  he  is  totally  blind, 
can  do  practically  everything  around  the  barns  and  stables,  if  he  is 
not  lazy  or  stupid.  Me  car  clean  up  the  yards,  go  for  water,  rub  down 
the  horses  and  cows,  and  feed  all  the  animals.  It  is  not  hard  to  rec- 
ognize with  your  hands  the  linseed  mash,  the  barley,  and  the  bran 
or  the  oats,  and  to  know  also  through  your  hands  when  the  racks 
and  mangers  are  full,  and,  when  you  come  back  later,  to  still  tell  by 
your  hands  whether  the  animals  have  eaten.  You  do  not  need  to  see 
to  tend  tfie  winnowing  machine,  to  help  in  putting  the  gi'aiii  into 
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sacks,  and  then  to  put  the  sacks  in  the  wagon.  You  can  cut  up  beets 
for  the  cows,  too,  and  you  can  help  in  making  bread  for  the  family, 
for  in  our  part  of  the  country  bread  is  made  in  the  house. 

“The  work  in  the  field  is  harder,  I admit,  but  there  are  lots  of  tasks 
which  you  think  at  first  are  quite  impossible — ^you  would  have  laughed 
in  the  old  days  if  anyone  had  told  you  a man  could  do  them  without 
seeing — ^but  which  now  after  three  or  four  attempts,  after  three  or 
four  failures,  perhaps,  you  finally  accomplish.  You  can  easily  dig 
beets  and  potatoes,  unload  wagons,  and  in  the  season  thresh  and  spread 
the  hay.  I can’t  mention  everything,  of  course,  but  there  you  have 
already  quite  a list.  In  addition,  when  it  rains  and  you  have  time  on 
your  hands,  you  can  make  brushes,  as  you  learned  to  do  in  the  hos- 
pital. I should  never  have  believed  that  I could  be  as  contented  as 
I am  now.  ’ ’ 

At  present  the  best  known  institution  in  the  world  for  blinded  sol- 
diers is  “St.  Dunstan’s,”  in  Regent’s  Park,  London.  In  a fine  old 
house  set  in  the  midst  of  fifteen  acres  of  beautiful  land,  are  housed  the 
British  soldiers  who  have  lost  their  sight  in  battle.  Its  “heart  and 
soul”  is  Sir  Arthur  Pearson,  who  lost  his  sight  several  years  ago  and 
who  has  devoted  his  life  to  the  task  of  “teaching  men  to  be  blind,” 
as  he  expresses  it. 

Shortly  after  the  war  began  (1914),  Sir  Arthur,  then  president 
of  the  National  Institute  for  the  Blind,  organized  the  Blind  Soldiers’ 
and  Sailors’  Care  Committee,  which  set  about  to  find  a suitable  build- 
ing where  blinded  soldiers  might  be  trained.  The  selection  was  St. 
Dunstan’s,  generously  placed  at  the  disposal  of  the  committee  b}'-  Mr. 
Otto  H.  Kahn  who  had  the  lease  of  it  at  that  time.  The  building  was 
once  the  country  house  of  the  wicked  Lord  Steyne  of  Thackeray’s 
Vanity  Fair. 

On  March  26,  1915,  fourteen  blinded  soldiers  entered  St.  Dunstan’s 
Hostel  to  start  on  the  journey  to  self-support  and  hope.  Three  years 
later  St.  Dunstan’s  and  its  annexes  held  578  men,  after  having  gradu- 
ated 434,  of  which  number  ninety  per  cent,  had  been  fully  trained 
and  set  up  in  the  occupations  which  they  had  learned  in  the  school. 

The  notable  feature  of  St.  Dunstan’s  is  its  cheerful  atmosphere. 
After  the  men  have  surmounted  the  first  few  days  of  depression 
brought  on  by  the  thought  of  “living  always  in  the  night,”  they  look 
out  for  themselves  and  go  about  like  normal  men. 

The  blinded  guests  have  very  little  difficulty  in  getting  about  at 
St.  Dunstan’s.  They  manage  to  find  their  way  without  the  aid  of  a 
stick  and  without  being  led  by  the  hand.  This  they  are  enabled 
to  do  by  a unique  device.  Strips  of  carpet  of  even  breadth  run 
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through  the  center  of  every  room.  As  long  as  they  can  feel  the  car- 
pet under  their  feet,  they  know  there  is  no  danger  of  their  running 
into  any  obstacle.  A visitor  at  St.  Dunstan’s  relates  that  two  men 
bumped  into  each  other  as  they  were  walking  in  opposite  directions 
on  the  same  strip,  but  exchanged  gi’eetings  merrily  and  continued  on 
their  way  as  if  nothing  had  happened. 

To  guide  the  men  when  they  go  about  out  of  doors,  other  device.? 
have  been  arranged.  On  the  top  and  bottom  steps  of  stairways,  wood 
or  lead  strips  are  fastened  to  tell  the  men  where  they  are.  Along  the 
paths  leading  to  the  various  outlying  buildings,  railings  are  placed, 
with  little  knobs  to  tell  the  men  when  they  come  to  a turn  in  the  road. 

There  are  amusements  such  as  rowing,  swimming,  dancing,  indoor 
games — such  as  dominoes,  checkers,  chess  and  cards;  they  have  a de- 
bating society,  and  almost  every  man  learns  to  play  some  kind  of 
musical  instrument.  They  have  their  theatrical  clubs  and  recently 
gave  an  excellent  performance  of  “Babes  in  the  Wood.” 

But  it  is  not  all  play  at  St.  Dunstan’s.  The  actual  re-education 
and  training  are  carried  on  in  either  classroom  or  workshop.  Those 
who  are  assigned  to  the  workshop  in  the  morning  are  in  the  classroom 
in  the  afternoon,  and  vice-versa.  The  working  day  is  from  9 :30  to 
12  in  the  morning,  from  2 ;30  to  4 :30  in  the  afternoon,  with  an  op- 
tional extra  hour  for  those  who  wish  it. 

The  classroom  work  consists  largely  in  the  teaching  of  Braille  and 
typewriting.  The  men  are  taught  to  read  and  write  Braille,  both  arts 
very  difficult  to  acquire  and  involving  considerable  strain  on  the  men- 
tal faculties.  To  relieve  this,  the  Braille  lessons  are  interspersed  with 
netting,  which  is  something  of  a hobby,  at  which  a man  can  make  in 
his  spare  time  five  or  six  shillings  a week. 

All  the  men  are  taught  typewriting,  which  they  find  enjoyable  and 
at  which  they  usually  become  very  proficient. 

Affiliated  to  this  classroom  work  are  three  occupations,  the  success- 
ful performance  of  which  requires  a knowledge  of  Braille  and  skill 
in  the  use  of  the  typewriter.  These  are  massage,  shorthand,  and  tele 
phone  operating. 

To  learn  massage  requires  a knowledge  of  Braille,  because  many  of 
the  books  on  anatomy  and  physiology  have  been  put  into  raised  type. 
Blinded  men  have  been  trained  as  highly-skilled  masseurs  at  St.  Dun- 
stan’s. Shorthand  for  the  blind  is  a system  of  condensed  Braille,  and 
is  written  by  means  of  a special  little  machine.  Telephone  operating 
on  boards  operating  with  drop  signals  rather  than  lights  is  success- 
fully taught. 

In  the  workshops  at  St.  Dunstan  the  men  are  taught  cobbling, 
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mat-making,  basket-making,  and  joinery.  Most  of  the  instructoi-s  are 
blind  and  thus  furnish  an  inspiring  example  for  the  pupils. 

On  a spacious  poultry  farm,  beyond  the  workshops,  men  are  taught 
poultry  raising  on  modern  scientific  lines.  They  learn  to  distinguish 
by  touch  birds  of  various  breeds,  to  manage  incubators  and  foster- 
mothers,  to  prepare  and  truss  birds  for  the  table,  and  in  general  to 
conduct  a paying  poultry  business.  The  pupils  are  also  taught  rough 
carpentry,  so  that  they  can  make  hen-coops,  setting-boxes,  gates,  and 
other  farm  essentials.  A post-graduate  course  in  poultry  farming, 
so  to  speak,  is  given  at  St.  Dunstan’s  Poultry  Pann,  near  King’s  I^ang- 
ley,  and  is  a month  in  duration. 

Wherever  possible  a man  is  returned  to  his  former  trade  or  occupa- 
tion. It  has  been  possible  for  men  to  resume  their  employment  by 
giving  them  special  courses  of  instruction  or  by  teaching  them  spe- 
cial methods.  When  a man  completes  his  training  at  St.  Dunstan’s, 
he  is  settled  in  the  trade  that  he  has  studied,  is  equipped  with  an  out- 
fit and  with  an  abundant  supply  of  raw  material.  Through  a care- 
fully organized  after-care  system,  he  is  visited  regularly,  his  work  is 
supervised,  raw  material  is  supplied  to  him  at  cost,  and  he  is  assisted 
fn  marketing  his  goods. 

Graduates  of  St.  Dunstan’s  earn  a fair  living  wage.  It  must  be 
remembered  that  the  blind  soldier  with  an  earning  capacity  is  enabled 
to  augment  his  pension,  which  is  not  affected  by  increase  of  income, 
as  his  skill  and  earning  power  increase. 

In  France  at  the  beginning  of  1915,  when  it  became  clear  that  the 
number  of  blinded  soldiers  was  going  to  be  considerable,  the  Ministry 
of  the  Interior  created  a special  institution  for  them  in  an  old  build- 
ing in  the  Rue  de  Neuilly,  Paris.  All  the  war  blind  were  to  be  sent 
there  when  their  medical  treatment  was  completed.  Accommodations 
were  provided  for  two  hundred  persons.  The  first  group,  admitted 
in  March,  1915,  consisted  of  forty  men.  But  soon  the  home  was  filled 
to  capacity,  and  seventeen  branches  have  since  had  to  be  created ; three 
in  Paris,  two  in  Lyons,  and  one  in  each  of  the  following  cities : Amiens, 
Bayonne,  Bordeaux,  Caen,  Chartres,  Dijon,  Marseilles,  Montpellier, 
Nantes,  Saint-Brieuc,  Tours,  Toulouse. 

This  institution  is  under  the  control  of  the  Ministry"  of  the  Interior. 
Since  its  creation,  however,  it  appeared  to  the  director  that,  in  addi- 
tion, private  initiative  might  be  advantageously  organized.  lie  cre- 
ated the  Society  of  Friends  of  Blinded  Soldiers,  formed  of  representa- 
tives of  the  Ministries  of  the  Interior  and  of  War,  of  Parliament,  of 
the  Quinze-Vingts  hospital  for  blind,  of  the  teaching  profession,  of 
commercial  circles,  and  of  the  Catholic,  Protestant,  and  Jewish  inter- 
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ests.  It  was  through  the  efforts  of  this  society  that  the  different  activi- 
ties of  the  institution  have  developed. 

The  Neuilly  home  was  created  as  a “Convalescent  Home  for 
Blinded  Soldiers,”  without  any  precise  idea  as  to  what  it  was  to  do 
for  its  inmates.  It  was  but  gradually  and  empirically  that  the  re- 
education work  has  been  built  up.  One  month  after  the  inaugura- 
tion of  the  liome,  a very  small  shop  for  brush-making  was  opened. 
The  experiment  was  successful,  and  the  brush-making  shop  was  soon 
overcrowded.  It  is  still  the  most  popular  with  the  men.  Since 
1915,  however,  the  re-education  work  has  gi'eatly  expanded  by  the 
addition  of  new  trades. 

At  the  present  writing  there  are  taught  at  Neuilly  all  the  standard 
trades  for  the  blind — brush-making,  basket-making,  making  and  re- 
pairing of  chairs,  and  so  on.  The  course  in  massage,  which  has  been 
a marked  success,  consists  of  two  sections;  massage  proper  and 
theoretical  instruction  in  anatomy  and  physiology.  The  latter  in- 
cludes a complete  course  of  lectures  which  it  is  necessary  to  write  in 
Bradle ; ability  to  read  by  touch  is  a prerequisite.  At  the  end  of  the 
course,  the  students  have  to  pass  a very  strict  examination  before  a 
jury  of  physicians;  they  are  never  discharged  before  receiving  their 
diploma.  Since  February,  1917,  a group  of  graduates  from  Neuilly 
have  been  employed  as  masseurs  in  the  military  hospitals  of  Paris, 
and  have  given  great  satisfaction  to  the  medical  authorities.  Others 
have  found  employment  at  the  different  resorts,  at  Monte  Carlo, 
Vichy,  Evian,  Deauville, 

A shoe-repairing  shop  was  established  in  February,  1916,  Tlie 
work  was  first  confined  to  pegged  shoes,  but  later  an  invention  of  one 
of  the  students  made  possible  hand-sewn  work  also.  Several  meji 
have  graduated  and  found  employment.  The  first  pupil  of  the  shoe- 
making  school  is  now  employed  as  an  instructor  in  a workshop  for 
blind  civilians, 

A machine  shop,  under  the  direction  of  a blind  instructor,  has 
been  in  operation  for  two  years.  The  first  twelve  pupils  are  now 
working  in  a special  shop  created  for  war  blind.  This  shop  is  now 
filling  orders  for  several  of  the  largest  automobile  and  machine 
plants, 

A course  in  piano-tuning  has  been  started  on  tlie  initiative  of  a 
prominent  piano  manufacturer,  himself  blind.  Other  courses  are  in 
crj'.stal  grinding  and  telephone  operating.  Organ-playing  and  sing- 
ing are  taught,  not  as  independent  vocations,  but  as  possible  supple- 
mentary occupations,  Macrame  (a  kind  of  coarse  lace),  raffia,  and 
netting  are  not  considered  as  real  trades,  but  arc  taught  to  new  ar- 
rivals for  distraction  and  as  a first  preparatory  exercise. 
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As  a general  rule,  all  the  men  learn  to  read  Braille.  There  has 
been  established  at  the  home  a printing  shop  in  which  books  in 
Braille  are  produced.  To  interest  the  men  in  reading,  there  is  dis- 
tributed every  morning  the  official  war  bulletin  printed  in  Braille. 
Still  more  effective  in  stimulating  interest,  has  proved  the  publica- 
tion of  the  N euilly-Midi,  a small  daily,  which  contains  all  the  news 
of  the  institution. 

Many  of  the  men  learn  typewriting,  although  it  is  not  intended 
to  train  them  for  positions  of  typists.  For  the  use  of  those  who  wish 
to  correspond  in  ordinaiy  handwriting,  the  administration  of  the 
home  has  devised  a very  simple  “hand-guide,”  which  permits  the 
blind  to  write  on  equidistant  straight  lines. 

A very  surprising  experiment,  which  has  given  excellent  results, 
is  a course  in  fencing,  directed  by  an  expert  teacher. 

In  Germany,  where  a number  of  institutions  for  the  training  of  the 
blind  had  existed  before  the  war,  the  general  policy  was  that  of  cre- 
ating in  these  institutions  special  sections  for  blinded  soldiers.  One 
of  the  most  important  institutions  of  this  type  is  that  at  Breslau, 
which  accommodates  about  fifty  men.  The  men  are  transferred  to 
the  school  after  their  medical  treatment  has  been  completed  and 
stay  there  for  about  three  months.  They  are  kept  under  military 
discipline,  and  the  training  is  compulsory.  Many  of  the  men  re- 
main in  the  institution  voluntarily  after  being  discharged  from  the 
army;  in  that  case  they  contribute  one  mark  a day,  out  of  their 
pension,  for  their  maintenance. 

One  year  is  considered  as  the  average  length  of  time  required  to 
teach  a blind  man  Braille  and  one  of  the  standard  trades  for  the 
blind,  such  as  basket-making,  brush-making,  rope-making,  and  the 
like.  Of  these  occupations,  basket-making  of  the  rough  type  is  the 
most  popular  with  the  men,  especially  those  of  country  origin.  It 
must  be  remembered  that  there  is  a much  wider  demand  for  hand- 
made baskets  in  France  than  in  America. 

Effort  is  often  made  to  return  the  man  to  his  former  trade.  The 
experience  has  been  successful  with  several  men,  former  bakers, 
cigar-makers,  watch-makers.  In  addition  to  the  trades  taught  at 
the  institution,  a number  of  men  have  been  placed  for  training  in 
industries,  such  as  munition  plants,  clothing  factories,  and  so  forth. 

In  connection  with  the  institution  there  has  been  established  an 
agricultural  training  station,  intended  mainly  for  peasants.  It  seems, 
however,  that  the  blind  soldiers  of  the  agricultural  class  consider  any 
special  training  as  superfluous  and  are  anxious  to  return  to  work  on 
their  own  farms  as  soon  as  possible. 
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The  greatest  difficulty  arises  with  regard  to  men  belonging  to  the 
intellectual  classes.  Most  of  them,  however,  are  officers,  and  the 
relatively  larger  amount  of  their  pension  permits  them  to  supple- 
ment the  instruction  given  at  the  institution  with  private  lessons. 
Many  have  been  able  to  return  to  their  former  professions,  as  law- 
yers, teachers,  and  the  like,  or  to  resume  their  academic  studies  in- 
tenmpted  when  they  went  forth  to  battle. 

As  a result  of  several  years’  experience  in  re-educating  the  war 
blinded  in  France  Ginestous  {Jour.  Am.  Med.  Assocn.,  p.  606,  Aug. 
17,  1918)  declares  that  every  minute  is  precious  and  not  one  should 
be  wasted,  from  the  beginning,  to  train  the  suddenly  blinded,  for  he 
is  like  a babe  just  born  into  a new  world.  From  the  very  first,  while 
still  in  the  eye  infirmary,  his  training  in  writing  with  a guide  frame 
and  in  reading  the  Braille  type  should  begin,  without  waiting  to  as- 
certain whether  vision  is  entirely  lost  or  not.  A small  broom-  or 
brush-making  plant  is  now  connected!^  with  each  centre  d’ophtal- 
mologie.  Even  if  vision  is  regained  later,  these  exercises  do  no 
harm  but  fill  up  the  leisure  moments,  while  if  total  blindness  is  un- 
avoidable, precious  time  has  been  saved.  In  his  own  service,  Gines- 
tous has  been  amazed  at  the  rapid  progress  made  by  the  men.  In 
a few  hours  they  learned  to  write  with  the  aid  of  the  frame.  The 
Verdon-Richard  guide-mains  seemed  to  give  the  best  results  in  this 
line.  All  the  men  could  read  and  even  write  the  Braille  fiuently  by 
the  time  they  left  his  service. 

Referring  more  definitely  to  re-education  of  the  war  blinded  in 
the  United  States  Bordley  {Journ.  Am.  Med.  Assocn.,  June,  1918) 
points  out  that  the  Surgeon-Generals  of  our  Army  and  Navy  have 
combined  forces,  and  together  will  educate  the  soldiers,  sailors  and 
marines.  This  education  is  given  them  in  a military  training  school 
for  the  blind,  which  is  located  on  a magnificent  estate  in  Baltimore. 
The  school  is  conducted  by  the  best  teachers  of  the  blind  in  this 
country.  It  has  every  appliance  available  in  the  development  of 
the  powers  of  the  blind.  When  they  complete  their  courses  in  the 
school,  trial  employment  is  given  them. 

The  blind  are  divided  into  five  classes:  those  who  can  work  at 
home,  those  who  can  work  in  blind  shops,  those  who  can  enter  in- 
dustry, those  who  can  go  into  agriculture,  and  the  professional 
classes.  No  blind  man  will  leave  until  he  is  fully  prepared  to  go 
to  work. 

It  is  proposed  to  utilize  the  services  of  every  individual  and  of 
every  organization  which  can  help  in  this  splendid  work.  The  Amer- 
ican Branch  Belgian  Blind  Relief  Fund  has  assisted  in  a most  sub- 
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stantial  way,  bringing  over  $100,000  with  which  to  conduct  a cer- 
tain portion  of  the  work.  The  American  Red  Cross,  at  the  request 
of  General  Gorgas,  has  authorized  the  organization  of  the  Red  Cross 
Institute  for  the  Blind.  This  Institute  will  supply  the  necessai-y 
economic  and  social  supervision  for  our  soldiers,  sailors  and  marines 
from  the  time  of  their  discharge  from  the  Army  or  Navy  until  they 
die.  This  supeiwision  is  not  to  be  a charity  but  a helpful  moral 
support.  This  Institute  has  orgajiized  a purchasing  department 
through  which  will  be  bought  in  quantity,  at  wholesale  rates,  the 
raw  materials  used  by  the  blind  in  their  homes.  They  have  organ- 
ized a selling  department,  because  one  of  the  great  disadvantages  of 
the  blind  who  work  at  home  is  the  limitations  of  their  market.  This 
selling  agency  is  to  take  charge  of  this  work  of  selling  the  finished 
products  of  the  blind.  It  has  also  a savings  association,  because  one 
of  the  greatest  difficulties  the  blind  man  has  is  to  get  the  means 
wherewith  to  make  his  initial  investment  in  material,  machineiy  and 
tools.  This  savings  a.ssociation  will  not  only  take  the  man’s  money, 
properly  invest  it  and  safely  keep  it  for  him,  but  when  the  time 
comes  for  him  to  work  it  will  be  behind  him  tinancially  and  help  him 
wherever  he  needs  help. 

“We  recognize,”  says  Bordley,  “that  the  blind  man  has  three 
serious  difficulties  to  overcome  before  he  can  make  his  own  living . 
The  first  difficulty  is  his  own  timidity,  the  .second  is  the  misplaced 
sympathy  of  his  family  and  friends,  and  the  third  is  the  reluctance 
on  the  part  of  industry  to  employ  him.  To  overcome  his  own  handi--* 
cap,  we  are  going  to  educate  him.  To  help  the  family  to  realize  the 
man’s  ambitions,  the  man’s  troubles,  to  see  the  necessity  for  their 
moral  support  in  his  work,  we  are  going  to  take  one  member  of  the 
man’s  family  to  Baltimore  and  educate  her  side  by  side  in  our 
school  with  the  man  himself.  We  propose  to  keep  that  member  in 
Baltimore  in  the  house  that  will  be  conducted  by  the  Red  Cross 
institute  at  no  cost  to  the  family.  To  overcome  the  difficulty  of  the 
reluctance  of  industry  to  employ  the  blind,  we  propose  to  help  the 
blind  man  demonstrate  to  industry  that  he  can  take  his  place  and 
do  his  part.  On  account  of  the  present  geographic  distribution  of 
the  Army  we  are  obliged  to  have  two  services  or  plans  of  work, 
one  in  France,  and  the  other  in  this  country.  The  serviee  in  France, 
so  far  as  blind  men  are  concerned,  begins  when  the  man  gets  back  to 
his  base  hospital.”  The  writer  says  that  there  is  no  intention  of 
going  forward  to  that  hospital  in  order  to  teach  the  blinded  men 
or  to  help  them,  but  to  begin  with  the  service  in  the  base  hospital.  In 
that  hospital  no  serious  attempt  will  be  made  to  teach  the  man  how 
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to  help  himself  to  make  a liviog.  He  will  only  be  taught  there  how 
to  amuse  himself.  There  will  be  professional  instructors,  people 
who  can  teach  him  how  to  pla.y  games.  Then  when  he  is  through 
with  his  base  hospital  treatment  and  surgical  treatment  he  goes  back 
to  the  special  hospital  center  which  has  been  designated  as  the  point 
of  concentration  for  the  blind.  In  this  center  there  will  be  a field 
director  for  the  blind,  who  will  have  supervision  over  all  the  work 
throughout  the  whole  of  France;  under  him  will  be  instructors.  In 
this  hospital  they  will  go  a little  further  than  in  the  base  hospital, 
and  will  try  to  teach  him  reading  and  writing  and  games;  in  other 
words,  to  begin  the  serious  work  of  making  the  man  realize  that  he 
has  abilities  that  can  be  developed;  to  teach  him  how  to  shave  and 
dress  himself,  how  to  walk  with  a cane,  how  to  play  games,  how  to 
write  his  own  letters,  and  how  to  read  books  for  the  blind. 

Then  comes  the  port  of  embarkation  and  ocean  transportation. 
Here  are  helpers  or  teachers  for  the  blind,  who  will  also  teach  the 
men  with  other  handicaps  who  will  come  back  on  the  same  ships  with 
the  blind,  so  that  they  can  take  care  of  and  amuse  them  also.  Thus 
there  will  be  no  point  of  transition  between  their  work  here  and 
their  work  there ; there  will  be  no  two  weeks  of  monotony  in  which 
they  can  deteriorate,  which  of  course  with  the  blind  is  a very  seri- 
ous handicap. 

Then  follows  the  service  in  the  United  States.  The  men  come  to 
the  port  of  embarkation ; afterwards  into  the  hospital  for  distri- 
bution. They  are  summoned  before  a special  examining  board  which 
acts  as  a vocational  board.  If  this  board  finds  that  the  man’s  inju- 
ries are  permanent  and  nothing  can  be  done  for  him,  he  is  sent  over 
to  our  blind-teaching  school  in  Baltimore.  If  they  find  that  he  has 
still  efficiency  they  may  send  him  to  a reconstruction  hospital.  After 
he  has  had  his  surgical  work  done  there  and  it  is  found  that  it  is 
impossible  to  do  anything  further  for  him,  he  goes  to  the  blind- 
teaching center.  This  is  a military  department  and  has  its  in- 
structor, who  is  experienced  in  handling  the  blind,  and  chosen  on 
account  of  his  particular  fitness  and  adaptability.  Under  him  are  teach- 
ers, schools  and  shops  of  the  mechanical  and  vocational  type. 

After  the  man  finishes  his  work  at  the  schools  one  comes  ready  to 
the  practical  training.  After  he  undergoes  his  practical  training  he 
gets  training  in  professional  work,  commercial  work,  the  trades  or 
agriculture.  After  that  is  done  he  will  take  a course  in  the  Insti- 
tute for  the  Blind,  and  they  will  follow  him  in  his  work  to  his  home 
for  the  rest  of  his  life,  making  sure  that  his  wants  are  satisfied. 
Reefing  operation.  This  is  one  of  the  methods  of  advancement  em- 
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ployed  to  relieve  oculoinuscular  defects.  See  p.  8220,  Vol.  XI  of  this 
Encyclopedm.  The  method  of  Harman  {Proc.  Royal  Soc.  of  Med., 
June,  1913)  is  depicted  in  this  text,  the  legends  sufficiently  explain- 
ing the  steps  of  the  procedure.  See,  also,  p.  8230  and  p.  8236,  Vol. 
XI  of  this  Encyclopedia. 


Harman’s  Eeefing  Operation. 

Path  of  needle  through  base  of  reef.  N,  needle;  CC,  Conjunctiva;  E,  reef; 
S,  sclera;  T,  tendon. 


Harman’s  Eeefing  Operation. 

Tendon  reefing  with  advancement.  Sutures  1 and  2 carried  forward  and  into 
sclera  before  tying.  A,  anchor  stitch. 

Reef  knot.  Sailor’s  knot.  Square  knot.  A double  knot  in  which 
one  end  of  the  cord  in  the  second  knot  is  passed  over  or  under  the 
other  in  the  reverse  of  their  relation  in  the  first  knot. 

Re-entrant  angle.  Re-entering  angle.  An  angle  of  which  the  apex 
is  towards  the  interior  of  the  figure  in  which  it  occurs,  or  of  which 
the  apex  recedes  with  reference  to  the  point  of  view  from  which  it 
is  considered. 

Reese’s  muscle  resection  operation.  See  p.  8233,  Vol.  XI  of  this 
Encyclopedia. 

Reeve,  Richard  Andrews.  A prominent  Canadian  ophthalmologist. 
Born  in  Toronto  in  1842,  son  of  William  R.  Reeve,  he  received  the 
degree  of  B.  A.  at  Toronto  University  in  1862,  winning  the  silver 
medal  in  Natural  Sciences.  In  1865  he  received  the  M.  D.  at  Queen’s 
University,  Klingston,  and,  again,  in  1889,  at  the  University  of  To- 
ronto. He  became  a Fellow  of  the  Royal  College  of  Physieians  and 
Surgeons  in  1866. 
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From  1865  until  his  death,  55  years  later,  he  practised  continu- 
ously in  Toronto,  excepting  when  engaged  in  study  for  the  ad  eundem 
degree.  In  1867  he  began  to  devote  his  attention  exclusively  to  dis- 
eases of  the  eye  and  ear. 

For  many  yeare  lie  lectured  on  ophthalmology  in  the  Toronto 
School  of  Medicine,  and,  from  1885  until  his  death,  on  ophthalmol- 
ogy and  otology  in  the  University  of  Toronto.  In  1890  he  was 
chosen  Dean  of  the  Medical  Faculty,  a position  which  he  resigned  in 
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1908.  He  was  made  chief  of  the  eye  department  in  the  Toronto 
General  Hospital  in  1907.  He  was  also,  for  a time,  a member  of  the 
Toronto  University  Council  and  of  the  Board  of  Regents  of  Victoria 
University. 

Dr.  Reeve  was  once  president  of  the  Canadian  Medical  Associa- 
tion, and  was  president  of  the  British  Medical  Association  when  it 
met  at  Toronto  in  1906.  He  was  a delegate  to  the  British  Medical 
Congress  in  1910  and  from  1904-7  president  of  the  University 
Alumni  Association.  He  was  also  a Fellow  of  the  American  Col- 
lege of  Surgeons.  He  was  an  active  member  of  the  Central  Methodist 
Church. 
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Dr.  Reeve  died  suddenly  on  Jan.  27,  1919,  at  Harbord  Street  and 
Spadina  Avenue,  Toronto.  Mrs.  Reeve  had  died  about  two  years 
before,  and  the  only  surviving  relatives  are  two  sisters  and  a brother, 
Dr.  J.  Reeve,  of  Deland,  Florida. 

Concerning  the  personality  of  Dr.  Reeve,  a writer  in  The  Canada 
Lancet  gives  us  the  following;  “His  was  one  of  those  quiet,  subtle 
influences  that  took  a hold  of  one;  and  once  it  laid  hold,  grew.  No 
one  ever  heard  a rude  or  coarse  remark  fall  from  his  lips.  He  was 
most  deferential  to  the  opinions  of  others,  ever  seeking  to  promote 
the  welfare  of  his  profession,  always  ready  to  act  in  any  capacity 
his  confreres  sought  his  aid,  and  always  displaying  a keen  insight 
into  the  questions  brought  before  him.  His  humor,  too,  was  of  the 
most  delightful  character.  . . . Dr.  Reeve  was  both  an  exam- 

ple and  an  inspiration.  He  belongs  to  the  future  as  well  as  the 
past.” — (T.  H.  S.) 

Reflxation.  The  recovery  by  a second  effort  of  the  fixation  and  per- 
cipient apparatus  of  the  point  of  regard. 

Reflected  ray.  In  optics,  a ray  of  light  whose  direction  is  the  result 
of  the  arrested  initial  direction  of  the  incident  ray  at  the  point  of 
impact  to  a surface.  As  the  incident  and  reflected  rays  form  equal 
angles  with  the  perpendicular  at  the  point  of  incidence,  it  follows 
that  the  incident  ray  is  returned  to  its  source  as  the  reflected  ray 
when  the  former  is  perpendicular  to  the  reflecting  surface.  All  ob- 
jects are  capable  of  emitting  reflected  rays  to  a greater  or  lesser  de- 
gree, and  which  accounts  for  their  being  made  visible. — (C.  F.  P.) 

Reflecting  camera.  A form  of  camera  obscura. 

Reflecting  goniometer.  An  instrument  for  measuring  the  angles  of  a 
crystal  by  means  of  the  deflection  of  a ray  of  light  incident  on  its 
surface. 

Reflecting  microscope.  A microscope,  in  which  the  object,  placed 
either  outside  the  tube  or  outside  the  axis  of  the  tube,  is  reflected 
by  means  of  an  inclined  plane  mirror. 

Reflecting  stereoscope.  A stereoscope  wherein  the  superposition  of 
the  views  respectively  adapted  to  the  right  and  left  eye  is  affected 
by  means  of  mirrors  or  reflecting  prisms. 

Reflecting  telescope.  A telescope  wherein  the  rays  proceeding  from 
the  object  viewed  are  focused  by  means  of  a concave  mirror. 

Reflection.  A surface  on  which  a beam  of  light  falls  may  be  either 
rough  or  smooth.  If  it  be  rough,  the  greater  part  of  the  incident 
light  is  irregularly  scattered  by  the  innumerable  surface-facets,  so  as 
to  be  reflected  or  dispersed  in  all  directions;  if  it  be  smooth,  a pro- 
portion (but  never  the  whole)  of  the  incident  light  is  regularly  re- 
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fleeted  or  turned  back  in  definite  paths.  A smooth,  dustless  miiroi 
is  not  visible  to  an  eye  outside  tlie  track  of  rays  reflected  from  it.  If 
the  polished  surface  be  that  of  a transparent  substance  (e.  glass) 
opticaUy  denser  than  the  medium  conveying  the  light  to  it,  com- 
paratively little  light  is  reflected ; but  the  more  oblique  the  incidence, 
the  smoother  the  polish,  and  the  greater  the  difference  between  the 
optical  density  of  the  glass  and  that  of  the  medium  in  which  it  is 
immersed,  the  gi’eater  proportion  reflected.  Thus  less  light  is  re- 
flected from  glass  under  water  than  from  glass  in  air;  and  converse- 
ly, if  the  light  travel  in  the  denser  medium  and  strike  the  bounding 
surface  between  it  and  a rarer  medium  as  where  light  ascending 
through  water  strikes  its  upper  free  surface — it  will,  if  its  obliquity 
of  incidence  exceed  a certain  limit,  be  almost  totally  reflected , the 
small  loss  that  ensues  arising  wholly  from  absorption,  while  no  light 
is  transmitted  into  the  air  above. 

On  reflection  from  polished  surfaces  we  have,  so  far  as  regards 
the  directions  of  the  reflected  rays,  the  following  laws:  (1)  The 
incident  “ray”  the  normal  (i.  e.,  a line  drawn  perpendicular)  to  the 
surface  at  the  point  of  incidence,  and  the  reflected  ray  all  lie  in 
one  plane,  the  “plane  of  incidence”;  and  (2)  the  angle  of  incidence 
(the  angle  which  the  incident  “ray”  makes  with  the  normal  to  the 
reflecting  surface)  is  equal  to  the  angle  of  reflection  (the  corie- 
sponding  angle  between  the  normal  and  the  reflected  “ray”).  These 
laws  apply  equally  to  ether-waves  of  all  lengths,  and  therefore  to 
light  of  all  colors;  and  they  also  hold  good  whatever  be  the  shape 
of  the  surface.  They  are  a necessary  kinematical  consequence  of  the 
principles  of  wave  motion  and  apply  to  the  reflection  of  all  kinds  of 

waves. 

Plane  reflection  surfaces.  (1)  Rays  which  are  parallel  to  one  an- 
other before  striking  a plane  reflecting  surface  are  parallel  after  re- 
flection. (2)  If  light  diverging  from  or  converging  towards  a point 
be  reflected  from  a plane  mirror,  it  will  appear  after  reflection  to 
diverge  from  or  converge  towards  a point  situated  on  the  opposite 
side  of  the  mirror  and  at  an  equal  distance  from  it.  (3)  A conse- 
quence of  the  preceding  proposition  is  that  when  an  object  is  placed 
before  a plane  mirror  the  virtual  image  is  of  the  same  form  and 
magnitude  as  the  object,  and  at  an  equal  distance  from  the  mirror 
on  the  other  side  of  it.  The  right  hand  of  the  image,  taken  as  look- 
ing towards  the  mirror,  is  necessarily  opposite  to  the  left  hand  of 
the  object ; so  that  no  one  ever  sees  himself  in  a single  plane  mirror 
as  others  see  him  or  as  a photograph  shows  him,  but  he  sees  all  his 
features  reversed. 
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Curved  reflecting  surfaces.  In  these  we  have  to  trace  out  the 
mode  of  reflection  of  incident  rays  from  each  “element”  or  little 
bit  of  the  reflecting  surface ; and  this  leads,  through  geometrical 
working,  to  such  propositions  as  the  following:  (1)  Parallel  rays 
travelling  parallel  to  the  axis  of  a concave  paraboloid  mirror  are 
made  to  converge  so  as  all  actually  to  pass  accurately  through  P, 
the  geometrical  focus  of  the  paraboloid;  and,  conversely,  if  the 
source  of  light  be  at  F,  the  rays  reflected  from  the  mirror  emerge 
parallel  to  one  another — a proposition  of  great  utility  in  lighthouse 
work,  search-lights,  etc.  (2)  In  spherical  reflectors,  which  are 
those  most  easily  made,  there  is  no  accurate  focus  except  for  rays 
proceeding  from  the  center  and  returning  to  it.  But  practically 
spherical  reflectors,  whose  size  is  small  compared  to  the  distance  of 
the  center  of  curvature,  act  approximately  like  parabolic  reflectors 
for  parallel  rays.  Practically  rays  parallel  to  the  axis,  that  is,  rays 
from  a distant  source  of  light,  are  reflected  so  as  to  pass  through 
the  principal  focus.  Concave  mirrors  act  like  convex  lenses;  con- 
vex mirrors  like  concave  lenses.  (Standard  Encyclopedia.)  See, 
also.  Angle  of  reflection,  p.  470  and  p.  475,  Vol.  I;  Mirror,  p.  7842, 
Vol.  X;  Reflected  ray;  as  well  as  Diffusion  of  light,  p.  3967,  Vol.  Y 
of  this  Encyclopedia. 

Reflectors.  These  devices  are  described  under  Reflection;  and  Mirror, 
p.  7842,  Vol.  X of  this  Encyclopedia.  A very  good  example  is  the  so- 
called  holophane  reflector.  See  cut.  It  is  of  especial  use  for  the 
illumination  of  test  charts.  The  light  source  is  screened  from  the 
object  illuminated  and  from  direct  observation.  There  is,  there- 
fore, an  absence  of  glare  and  of  reflection  from  the  illuminated  sur- 
face. It  should  be  frosted  for  unifonn  result,  and,  as  more  rays  are 
utilized  in  effective  illumination  of  a given  area  than  is  the  case 
with  any  other  method,  maximum  efficiency  is  obtainable  only  by 
these  reflectors. 

Reflectoscope.  A form  of  reflective  lantern. 

Reflet.  (F.)  Having  an  iridescent  lustre. 

Reflex,  Accommodation.  Dilatation  or  contraction  of  the  pupil  in 
accommodation. 

Reflex  amblyopia.  See  Amblyopia,  Reflex,  p.  302,  Vol.  I of  this 
Encyclopedia. 

Reflex,  Anomalous  pupillary.  Stimulation  of  the  retina  by  light  di- 
lates the  pupil. 

Reflex-arc.  A term  applied  to  the  combination  of  an  afferent  nerve, 
a nerve-center,  an  efferent  nerve,  and  a muscle. 

Reflex,  Aschner.  See  Oculocardiac  reflex,  p.  8470,  Vol.  XI  of  this 
Encyclopedia. 
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Reflex,  Attention.  Alteration  of  sizeUn  the  pupil  when  the  attention 
is  suddenly  fixed. 

Reflex,  Babinski’s.  Extension  of  the  toes  instead  of  flexion  on  stimu- 
lating the  sole  of  the  foot;  it  occurs  in  lesions  of  the  pyramidal 


The  Holophane  Uniflux  Eeflector. 

tract,  and  indicates  organic,  as  distinguished  from  hysteric,  hemi- 
plegia. 

Reflex,  Bechterew’s.  Dilatation  of  the  pupil  on  exposures  to  light; 

sometimes  seen  in  tabes  and  general  paralysis. 

Reflex,  Choked.  In  skiascopy,  absence  of  movement  of  the  retinal 

illumination  on  reaching  the  point  of  reversal. 

Reflex,  Cilio-spinal.  Dilation  of  the  pupil  on  stimulation  of  the  skin 

of  the  neck. 
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Reflex,  Consensual.  Crossed  reflex.  See  p,  4621,  Vol.  VI  of  this 
Encyclopedia. 

Reflex,  Corneal.  Eyelid  closure  reflex.  Irritation  of  the  conjunctiva 
closes  the  lids.  See  Cornea,  Reflex  of  the,  p.  3436,  Vol.  V of  this 
Encyclopedia. 

Reflex,  Comeomandibular.  Movement  of  the  lower  jaw  toward  the 
side  opposite  the  eye  whose  cornea  is  lig’htly  touched,  the  mouth 
being  open. 

Reflex,  Cortex.  Dilation  of  the  pupil  may  be  caused  by  electric  and 
other  stimulation  of  the  cerebral  cortex,  especially  of  the  occipital 
lobe.  A similar  effect  has  been  produced  by  stimulation  of  the  an- 
terior four-fifths  of  the  cortex. 

Reflex,  Crossed.  Stimulation  of  one  organ  of  one  side  of  the  body 
produces  an  effect  on  the  other  side.  See  Reflex,  Consensual. 

Reflex,  Cutaneous  pupillary.  Dilatation  of  the  pupil  on  pinching  the 
skin  of  the  cheek  or  neck. 

Reflex,  Davidson’s.  Illumination  of  the  pupil  when  an  electric  light 
is  held  in  the  mouth. 

Reflex,  Direct  light.  See  p.  4620,  Vol.  VI  of  this  Encyclopedm. 

Reflex,  Eyeball-heart.  See  Oculocardiac  reflex. 

Reflex,  Eyelid-closure.  See  Gifford’s  reflex,  p.  4620,  Vol.  VI  of  this 
Encyclopedia. 

Reflex,  Foveal.  The  minute  point  of  light,  surrounded  often  by  a 
halo,  corresponding  to  the  fovea  centralis.  Sec  p.  5318,  Vol.  VII 
of  this  Encyclopedia. 

Reflex,  Gifford’s.  Lid-closure  reflex.  Palpebral  pupil  refi.ex. 
Westphal-Piltz  reflex.  Contraction  of  the  pupil  when  an  effort 
is  made  to  close  the  lids  while  the  latter  are  held  apart.  See  p. 
5384,  Vol.  VII ; and  p.  4620,  Vol.  VI  of  this  Encyclopedia;  also  under 

Pupil  in  health  and  disease. 

Reflex,  Haab’s.  Cerebral  cortex  reflex.  Bilateral  pupillary  con- 
traction when  the  patient  sits  in  a darkened  room,  and  without  ac- 
commodation or  convergence  directs  his  attention  to  a bright  object 
already  within  the  field  of  vision. 

Reflexibility.  Reflexity.  The  capacity  for  being  reflected. 

Reflex,  Indirect.  See  Reflex,  Consensual. 

Reflex  inhibition.  An  inhibition  (e.  g.,  of  cardiac  action)  the  result 
of  a shock  caused  by  an  irritation  or  an  injury  to  a peripheral  tis- 
sue, which  is  carried  to  the  brain,  and  thence  is  reflected  by  an  ef- 
ferent nerve  to  the  inhibited  organ. — (Poster.) 

Reflex,  Iris-contraction.  See  Reflex,  Direct. 

Reflex,  Knee-jerk.  Patellar  reflex.  Westphal’s  sign.  Contractiop 
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or  clonic  spasm  of  the  quadriceps  muscle,  produced  by  sharply  strik- 
ing the  ligamentum  patella  when  the  leg  hangs  loosely  flexed  at  right 

angles. 

Reflex,  Lid.  Lid-closure  reflex.  Same  as  corneal  reflex,  bee 

p.  3436,  Vol.  V of  this  Encyclopedia. 

Reflex,  Light.  A narrow^  oval  ring  of  light  seen  by  means  of  the 
ophthalmoscope  on  the  retina.  It  changes  its  shape  according  to 
the  situation  and  characters  of  the  illuminated  spot. 

Reflexes,  Ocular.  For  a complete  account  of  these  see  Pupil;  as  well 
as  p.  9909,  Vol.  XIII,  and  p.  4620,  Vol.  VI  of  this  Encyclopedia. 
Reflex  Oculocardiac.  Aschner  reflex.  A slowing  of  the  rhythm  of 
the  heart  following  compression  of  the  eyes.  A slowing  of  from  5 to 
13  beats  per  minute  is  normal ; one  of  from  13  to  50  or  more  is  ex- 
aggerated ; one  of  from  1 to  5 is  diminished.  If  ocular  compression 
produces  acceleration  of  the  heart,  the  reflex  is  called  inverted. 
See  Oculocardiac  reflex,  p.  8470,  Vol.  XI  of  this  Encyclopedia. 
Reflex  of  the  cornea.  See  Cornea,  Reflex  of  the,  p.  3437,  Vol.  V of 
this  Encyclopedia. 

Reflex,  Pain  (pupillary).  See  Reflex,  Sensory. 

Reflex,  Palpebral.  Simulators  of  profound  deafness  wink  and  the 
pupil  contracts  when  an  unexpected,  loud  noise  is  made  outside 
the  field  of  vision  but  close  to  the  head. 

Reflex,  Palpebro-pupil.  A name  for  Gifford’s  reflex. 

Reflex,  Paradoxic  pupillary.  Stimulation  of  the  retina  by  light 

dilates  the  pupil. 

Reflex,  Patellar.  See  Reflex,  Knee-jerk. 

Reflex,  Piltz’s.  See  Reflex,  Gifford’s. 

Reflex,  Plantar.  Babinski  sign  or  phenomenon.  See  Plantar  reflex, 
p.  10252,  Vol.  XIII  of  this  Encyclopedia. 

Reflex,  Psychic.  See  Psychic  reflex. 

Reflexes,  PupiUary.  See  Pupil,  and  p.  4620,  Vol.  VI  of  this 
Encyclopedia. 

Reflex,  Red.  In  skiascopy  and  ophthalmoscopy  the  pupillary  field 
shows  the  red  reflection  from  the  fundus.  For  an  explanation  of  this 
phenomenon,  see  p.  8939,  Vol.  XII  of  this  Encyclopedia. 

Reflex,  Relaxed  accommodation.  Dilation  of  the  pupil  in  looking 
from  a near  to^  a distant  point  or  object. 

Reflex,  Senile.  A gray  reflection  from  the  pupil  of  aged  people  due 

to  hardening  of  the  lens. 

Reflex,  Sensory.  Pain  reaction  of  the  pupil.  Same  as  skin-pupil- 
lary'reflex ; also,  when  the  faradic  current  is  applied  to  the  nape  of  the 
neck  dilation  of  the  pupil  occurs.  The  same  result  is  obtained  in  certain 
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susceptible  subjects  on  tickling  the  soles  of  the  feet,  the  palms  of  the 
hands,  or  other  sensitive  parts  of  the  body.  Dilated  pupils  are  also 
noticed  in  persons  affected  by  sudden  joy,  anger,  grief  or  any  other 
violent  passion;  in  which  instances  the  origin  of  the  dilatation  is  in 
the  cerebral  centers.  See  p.  3603,  Vol.  V of  this  Encyclopedia,  also 
Pupil. 

Reflex,  Shot-silk.  See  Reflex,  Watered-silk. 

Reflex,  Skin-pupillary.  Skin  reflex.  Cutaneous  stimulation  test. 
Dilatation  of  the  pupil  produced  by  irritation  of  the  skin  of  the 
neck.  See  p.  3603,  Vol.  V of  this  Encyclopedia. 

Reflex,  Watered-silk.  A peculiar  appearance,  like  that  of  watered 
silk,  visible  especially  upon  the  retinas  of  children;  also  called  shot- 
silk  retina. 

Reflex,  Weiss’.  A curved  reflex  seen  with  the  ophthalmoscope  on  the 
fundus  of  certain  eyes,  to  the  nasal  side  of  the  disk ; believed  to  be 
indicative  of  myopia. 

Reflex,  Westphal-Piltz.  See  Reflex,  Gifford’s;  also  Pupil  in  health 
and  disease. 

Reflex,  Westphal’s  pupillary.  Contraction  of  the  pupil  associated 
wdth  closure  or  attempted  closure  of  the  eye.  See  Pupil. 

Reflex,  Winking.  See  Cornea,  Reflex  of  the,  p.  3437,  Vol.  V of  this 
Encyclopedia. 

Reform  eye.  See  p.  623,  Vol.  I and  p.  10398,  Vol.  XIII  of  this 
Encyclopedia. 

Refract.  To  bend  or  turn  from  the  direct  course;  to  deflect  a ray. 
Sometimes,  though  improperly,  used  to  designate  the  act  of  measur- 
ing or  determining  the  ocular  refraction,  e.  g.,  “he  refracted  the  pa- 
tient” instead  of  “he  measured  the  patient’s  refraction”  or  “found 
the  refraction  of  the  patient  to  be.” 

Refractable.  Refrangible.  Capable  of  being  refracted. 

Refracted  ray.  In  optics,  a ray  of  light  whose  direction,  either  within 
or  on  emergence  from  a transparent  medium,  is  the  result  of  refrac- 
tion.—(C.  F.  P.) 

Refracting  angle.  The  angle  between  the  refracting  surfaces  of  a 
prism;  the  apical  angle.  See  also  Angle. 

Refracting  dial.  A form  of  sun  dial,  havin,g  a glass  lens  in  place  of  a 
gnomon. 

Refracting  media.  The  cornea,  aqueous  humor,  crystalline  lens  and 
vitreous  humor. 

Refracting  surface.  The  surface  which  separates  two  transparent  me- 
dia, and  to  which  the  change  in  the  direction  of  a ray  of  light  is  due. 

Refracting  telescope.  A telescope  transmitting  the  rays  to  a focus 
through  a combination  of  lenses. 
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Refraction  and  accommodation  of  the  eye.  In  physics,  refraction 
means  the  bending  or  change  of  direction  of  a ray  of  light  as  it 
passes  from  one  medium  into  another  of  different  density.  This 
may  be  single  or  double,  the  latter  when  the  ray  is  separated  into 
two  rays,  a property  [double  refraction  (q.  v.)]  possessed  by  cer- 
tain crystals  such  as  calcite,  etc.  The  laws  of  refraction  explain 
various  cosmic  phenomena  and  the  action  of  lenses,  prisms,  and  op- 
tical instruments  generally.  See  also  Achromatism,  p.  60,  Vol.  I; 
Decomposition  of  Hght,  p.  3793,  Vol.  V ; Diffraction,  p.  3965,  Vol.  V ; 
Dispersion  of  light,  p.  4039,  Vol.  VI;  Focus, 'p.  5236,  Vol.  VII; 
Index  of  refraction,  p.  6186,  Vol.  VIII;  Law  of  refraction,  p.  7024, 
Vol.  IX;  Lens,  p.  7191,  Vol.  X,  etc.,  of  this  Encyclopedia. — (C.  F.  P.) 

In  this  Encyclopedia  human  refraction  and  its  errors  in  most 
of  their  complex  relations  have  been  to  some  extent  discussed.  The 
reader  is  referred  in  this  connection  to  the  section  on  Physiological 
optics,  especially  to  chapter  vi,  p.  9805 ; to  chapter  x,  p.  9849 ; and 
to  chapter  xiv,  p.  9916,  Vol.  XIII;  and  by  no  means  overlooking 
most  of  the  section  Lenses  and  prisms,  p.  7233,  Vol.  X.  Portions 
of  the  subject  are  also  treated  in  a practical  manner  under  the 
heading  Examination  of  the  eye,  on  pp.  4718  and  4762,  Vol.  VI,  and 
p.  3987,  Vol.  V;  as  well  as  under  Dioptrics,  p.  3987,  Vol.  V;  also 
under  Skiascopy  and  Ophthalmoscopy  (p.  9020,  Vol.  XII).  See,  also, 
Emmetropia,  p.  4299,  Vol.  VI;  Ametropia,  p.  310,  Vol.  I;  Myopia, 
p.  8265,  Vol.  XI;  Astigmatism,  p.  656,  Vol,  I;  Oblique  astigmatism, 
p.  8412,  Vol.  XI;  Hypermetropia,  p.  6096,  Vol.  VIII  of  this  Encyclo- 
pedia. 

The  refraction  a/nd  accommodation  of  lower  animal  eyes  are  also 
discussed  under  Comparative  ophthalmology,  p.  2519,  Vol.  IV. 

The  accommodation  of  the  eye  has  already  been  discussed  on  p. 
48,  Vol.  I,  and  following  rubrics,  of  this  Encyclopedia.  See,  also. 
Presbyopia,  p.  10357,  Vol.  XIII;  and  paragraphs  66-70,  under  Physi- 
ological optics,  p.  9806,  Vol.  XIII. 

Consult,  also.  Eyestrain,  p.  5126,  Vol.  VII  of  this  Encyclopedia. 

PART  I.  INTRODUCTORY  PRINCIPLES  AND  METHODS  OF 

HUMAN  REFRACTION. 

Owing  to  the  length  and  importance  of  this  section  an  index  of 
chapter  headings  has  been  prepared  for  the  convenience  of  the  reader. 

PART  I.  INTRODUCTORY.  CHAPTER  I.  DIOPTRICS CARDINAL  POINTS  SCHE- 

MATIC EYE — DIOPTRIC  SYSTEM  AND  THE  RETINA — EMMETROPIA — HYPER- 

METROIUA MYOPIA — ASTIGMATISM — ^VARIOUS  FORMS  OP  ASTIGMIA 
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SOUTEB^S  OPHTHALMOPHAKOMETEK.  CHAPTER  II.  ACCOMMODATION  OF 
THE  EYE — HISTORICAL — THEORIES  OF  ACCOMMODATION — MECHANISM 
OF  ACCOMMODATION RANGE  OF  ACCOMMODATION — TSCHERNING’s  THE- 

ORY. CHAPTER  HI.  CONVERGENCE — METRE  ANGLE — RANGE  AND  AM- 
PLITUDE OP  CONVERGENCE — RELATION  BETWEEN  ACCOMMODATION  AND 
CONVERGENCE — ANGLES  ALPHA  AND  GAMMA — OCULAR  LINES  AND 
POINTS.  CHAPTER  IV.  PRESBYOPIA — EFFECT  OF  AGE  AND  REFRACTION 
ON  PRESBYOPIA — RULES  FOR  PRESCRIBING  GLASSES  IN  PRESBYOPIA — 
ANISOMETROPIA  AND  ANTIMETROPIA — APHAKIA — CORRECTION  OP  RE- 
FRACTIVE ERRORS  IN  APHAKIA.  CHAPTER  V.  THE  VARIOUS  FORMS  OF 
AMETROPIA  AND  THE  SYMPTOMS  THEY  CAUSE — MANIFEST  AND  LATENT. 

HYPERMETROPIA — CLINICAL  ASPECTS  OP  MYOPIA GENERAL  DIRECTIONS 

FOR  CORRECTING  THESE  REFRACTIVE  ERRORS.  CHAPTER  VI.  SOME  CLIN- 
ICAL ASPECTS  OP  ASTIGMATISM — THE  FORMS  OP  ASTIGMATISM — REGU- 
I.AR  AND  IRREGULAR  ASTIGMIA — ASTIGMATISM  WITH  AND  AGAINST  THE 
RULE — AXES  OP  ASTIGMATISM.  CHAPTER  VH.  APPLIED  REFRACTION 
— THE  USB  OF  CYCLOPLEGICS  AND  MYDRIATICS — THE  DIFFERENT  METH- 
ODS OF  MEASURING  REFRACTION — TESTS  FOR  THE  ACUTENESS  OP  VISION 
— TEST  LETTERS  AND  CHARTS.  CHAPTER  VIH.  THE  USE  OF  THE  OPH- 
THALMOSCOPE— THE  DIRECT  METHOD — THE  INDIRECT  METHOD THE 

FUNDUS  APPEARANCES  IN  AMETROPIA — RETINOSCOPY  OR  SKIASCOPY — 
THE  OPHTHALMOMETER  AND  ITS  EMPLOYMENT  IN  MEASURING  THE  COR- 
NEAIj  ASTIGMATISM. 

PART  II.  CLINICAL  APPLICATIONS  OP  REFRACTIVE  METHODS.  CHAPTER 
IX.  SIMPLE  HYPERMETROPIA  AND  HYPERMETROPIC  ASTIGMATISM  WITH 
AND  AGAINST  THE  RULE — ILLUSTRATIVE  CASES — PRESCRIPTIONS  FOR 
GLASSES  AND  THE  FORMULAE  OP  LENSES — COMPOUND  HYPEROPIC  ASTIG- 
MIA WITH  AND  AGAINST  THE  RULE CASES  IN  ILLUSTRATION.  CHAP- 

TER X.  SPASM  OF  ACCOMMODATION  IN  REFRACTION  WORK  AND  HOW  TO 
DEAL  WITH  IT — TONICS,  OCULAR  REST  AND  CYCLOPLEGICS — CASES  IL- 
LUSTRATING ACCOMMOD.YTWE  SPASM  AND  ITS  TREATMENT.  CHAPTER  XI. 
MEASUREMENT  OP  MYOPIA — SIMPLE  MYOPIC  ASTIGMATISM — SPASMODIC 
OR  FALSE  MYOPIA — RULES  FOR  PRESCRIBING  NEAR  OB  BEADING  GLASSES 
USr  HIGH  DEGREES  OF  MYOPIA — PROGRESSIVE  AND  MALIGNANT  MYOPIA 
AND  THEIR  TREATMENT — PRESBYOPIA  AND  THE  TRANSPOSITION  OP 
GLASSES  PROM  DISTANCE  TO  READING  FORMULA  IN  MYOPES.  CHAP- 
TER XII.  CORRECTION  OP  COMPOUND  MYOPIC  ASTIGMATISM — THE  USE 
OF  THE  OPHTHALMOMETER  IN  MYOPIC  ASTIGMIA — ^ILLUSTRATIVE  CASES 
WITH  EXPLANATORY  DIAGRAMS.  CHAPTER  XIII.  THE  CORRECTION  OP 
ANISOMETROPIA  AND  ANTIMETROPIA — ILLUSTRATIVE  CASES — TRANSPOS- 
ING FORMULA — CHOICE  OF  LENSES  IN  OPPOSED  AMETROPLV.  CHAP- 
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TER  XIV.  MIXED  ASTIGMATISM — ILLUSTRATIVE  CASES.  CHAPTER  XV. 

ASTIGMATISM  AFTER  CATARACT  EXTRACTION — ILLUSTRATIVE  CASES. 

CH.:VPTER  XVI.  REFRACTION  AND  ACCOMMODATION  IN  IRREGULAR  AS- 
TIGMATISM— CONICAL  CORNEA — ILLUSTRATIVE  CASES.  CHAPTER  XVII. 

EXCEPTIONAL  CASES  OP  REFRACTION.  CHAPTER  XVIH.  CASES  EXHIBIT- 
ING DIFFERENCES  BETWEEN  OPHTHALMOMETRIC  MEASUREMENTS  AND 

SUBJECTIVE  FINDINGS. 

Introductory. 

CHAPTER  I. 

/ 

DIOPTRICS.  THE  DIOPTRIC  SYSTEM  AND  THE  RETINA.  EMMETROPIA,  HY- 
^ PERMETROPIA,  MYOPIA  AND  ASTIGMIA. 

For  a correct  understanding  of  the  practical  side  of  the  refrac- 
tion and  accommodation  of  the  eye,  a knowledge  of  the  general  pHn- 
ciples  of  optics,  and  of  physiologic  optics  (q.  v.)  is  necessary.  How- 
ever, since’  these  two  theoretical  branches  of  the  subject  are  fully 
treated  in  another  portion  of  this  Encyclopedia,  the  writer  will  limit 
himself  in  the  main  to  a consideration  of  practical  optics  and  to  ap- 
plied refraction. 

The  human  eye  may  be  regarded  as  a miniature  camera,  and  when 
we  speak  of  the  refraction  of  the  eye,  we  have  in  mind  the  dioptric 
or  refractive  power  of  the  optical  apparatus  of  the  eye  when  it  is  in 
a state  of  rest,  which  is  known  as  the  static  refraction  of  the  eye. 
When  the  accommodation  is  brought  into  play,  it  is  spoken  of  as  the 
dynamic  refraction  of  the  eye.  The  second  condition,  or  dynamic 
refraction,  we  shall  consider  under  the  accommodation  of  the  eye, 
and  hereafter,  when  discussing  refraction,  only  the  static  refraction, 
or  the  eye  in  a state  of  rest,  will  be  taken  into  account. 

The  dioptric  or  refractive  apparatus  of  the  eye  is  composed  of  the 
cornea,  the  lens,  the  aqueous  and  vitreous,  which,  taken  in  their  en- 
tirety, may  be  considered  a compound  lens.  This  compound  lens 
has  three  refractive  surfaces,  the  anterior  surface  of  the  cornea, 
the  anterior  surface  of  the  lens,  and  the  posterior  surface  of  the 
lens,  their  combined  effect  having  the  power  of  a convex  lens  of 
about  23  millimeters  focus,  or  the  depth  of  the  emmetropic  eye.  In 
a state  of  rest,  therefore,  images  produced  by  this  compound  lens 
arc  distinctly  focused  on  the  retina  or  receiving  plate  of  an  em- 
metropic eye  (providing,  of  course,  that  the  media  are  clear)  ; and 
the  stimulation  of  the  retina  by  the  rays  of  light  forming  these  images 
and  the  transmission  of  this  stimulus  by  the  optic  nerve  fibres  to  the 
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cortex  of  the  brain  result  in  the  conscious  sensation  of  vision,  or  sight, 
as  perceived  by  the  individual. 

Although  the  eye  has  been  compared  to  a camera,  the  comparison 
does  not  hold  true  or  exact  in  every  particular.  In  the  first  place, 
the  camera  has  a single  lens  with  two  positive  refracting  surfaces, 
while  the  human  eye  has  a positive  refracting  surface  at  the  anterior 
surface  of  the  cornea,  and  the  biconvex  crystalline  lens ; the  posterior 
surface  of  the  lens  resting  in  a concave  or  cup-shaped  portion  of  the 
vitreous,  which  latter  medium,  owing  to  its  concave  front  surface, 
has  a dispersing  effect  on  rays  of  light  entering  it. 


Fig.  1.  Schematic  Eye,  Three  Times  Natural  Size.  0'  anterior  or  first  prin- 
cipal focus;  A,  anterior  surface  of  the  cornea;  H'  and  H"  principal  points; 
K'  and  K",  nodal  points;  0",  posterior  or  second  principal  focus;  Fc,  fovea  cen- 
tralis; 0'0",  optic  axis. — (After  Landolt.) 

Again,  in  the  camera  rays  of  light  proceed  from  a rarer  medium, 
pass  through  a denser  one,  the  convex  lens,  and  re-enter  the  rarer 
medium,  the  air;  whereas,  with  the  eye,  while  the  rays  of  light  pro- 
ceed from  a rarer  medium,  the  air,  and  pass  through  a denser  one, 
the  cornea,  aqueous  and  lens,  they  finally  re-enter  a denser  medium 
than  air,  the  vitreous.  The  retina,  of  course,  plays  no  part  in  the 
formation  of  the  images,  serving  only  as  a sensitive  screen  or  plate 
upon  which  the  images  are  formed  by  the  dioptric  or  refracting  ap- 
paratus of  the  eye. 

While  the  reader  is  referred  to  the  section  on  Physiologic  optics 
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for  a detailed  and  comprehensive  description  of  the  dioptric  ap- 
paratus of  the  eye,  of  its  anatomy,  physiology,  functions,  etc.,  a 
reproduction  hereof  the  schematic  eye  with  a brief  description  of 
its  cardinal  points  is  desirable  for  a clearer  understanding  of  the 
clinical  portion  of  the  subject.  The  schematic  eye,  which  may  be 
taken  to  represent  the  emmetropic  eye  in  the  living  subject,  is  de- 
picted, with  the  six  cardinal  points  present  in  the  compound  lens 

system.  See,  also.  Schematic  eye. 

The  six  cardinal  points  of  the  eye  are  the  two  principal  points,  the 
two  nodal  points,  and  the  two  principal  foci.  These  points  are  de- 
termined after  the  method  of  locating  similar  points  when  follow- 
ing the  direction  of  rays  of  light  through  a single  lens  or  spherical 
surface  which  separate  media  of  different  refractive  indices.  For 
example,  first,  in  a single  refracting  lens  or  surface,  the  point  on 
the  principal  axis  at  which  it  intersects  the  refracting  surface  is 
called  the  principal  point,  and  if  we  pass  a line  through  this  point 
at  right  angles  to  the  principal  axis,  we  call  this  the  principal  plane; 
second,  the  point  at  the  center  of  curvature  of  the  refracting  sur- 
face, through  which  all  straight  lines  from  an  object  must  pass  to 
corresponding  points  of  the  image,  is  called  the  nodal  point;  third, 
that  point  in  front  of  the  refracting  surface  from  which  rays  emerge 
and  become  parallel  to  the  principal  axis  after  passing  through  the 
refracting  lens  or  surface,  is  called  the  first  principal  focus,  and  a 
line  drawn  through  this  focus  at  right  angles  to  the  principal  axis 
is  called  the  first  principal  focal  plane;  fourth,  the  point  on  the 
principal  axis  at  w'hich  rays  of  light  parallel  to  each  other  and  the 
principal  axis,  before  entering  the  refracting  lens  or  surface,  are 
brought  to  a focus,  is  called  the  second  principal  focus,  and  a line 
drawn  through  this  point  at  right  angles  to  the  principal  axis  is 

the  second  principal  focal  plane. 

In  the  dioptric  system  of  the  eye,  all  of  the  cardinal  points  are 
situated  on  the  optic  axis.  These  are  six  in  number.  In  other  words, 
besides  the  two  principal  foci,  there  are  two  principal  poinfs  and 
two  nodal  points,  due  to  the  combined  action  of  the  cornea  and  the 
crystalline  lens. 

In  the  eye,  the  two  principal  points  are  situated  in  the  anterior 
chamber  slightly  back  of  the  cornea  (H'  and  Fig.  1.)  When 
an  incident  ray  pa.sses  through  the  first  principal  point,  the  corre- 
sponding emergent  ray  must  passi  througli^  thei  second  principal 
point;  however,  the  emergent  ray  does  not  proceed  in  a parallel  di- 
rection with  the  incident  ray.  In  the  lens  system  of  the  eye  these 
two  points  are  so  close  together  that  they  are  considered  as  but  one. 
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Tlie  principal  points  are  images,  one  of  the  other.  A line  drawn 
through  the  first  principal  point  at  right  angles  to  the  optic  axis 
is  called  the  first  principal  plane,  and  a similar  line  drawn  through 
the  second  principal  point  is  called  the  second  principal  plane.  These 
planes  are  reciprocally  the  image,  one  of  the  other.  Furthermore, 
these  images  are  of  the  same  size  and  located  on  the  same  side  of  the 
principal  axis,  since  the  incident  rays  which  enter  the  first  princi- 
pal plane  emerge  from  the  second  principal  plane  at  the  same  dis- 
tance from  the  principal  axis  and  on  the  same  side  of  it.  This  holds 
true  only  as  regards  the  principal  points  and  not  for  the  nodal  points 
or  the  two  principal  foci. 

The  two  nodal  points  of  the  eye  are  situated  near  the  posterior 
surface  of  the  lens,  and  at  the  optic  center  of  the  refracting  system 
of  the  eye  (K'  and  K",  Fig.  1).  Every  incident  ray  of  light  di- 
'rected  towards  the  first  nodal  point,  after  it  is  refracted,  seems  to 
come  from  the  second  point,  and  the  emergent  rp-y  continues  in  a 
parallel  direction  with  the  incident  ray.  The  nodal  points  are  re- 
ciprocal images  one  of  the  other,  and  these  points  are  separated  by 
the  same  distance  as  are  the  two  principal  points.  The  two  princi- 
pal points  and  also  the  two  nodal  points  are  so  near  together  that 
each  pair  may  be  regarded  as  but  a single  point.  The  axis  rays  pass- 
ing through  the  nodal  point  are  not  refracted  and  are  termed  lines 
of  direction. 

The  two  principal  foci  are  situated  on  the  optic  axis,  one  in  front, 
the  other  back  of  the  refracting  system.  The  first  principal  focus  is 
situated  on  the  optic  axis  at  that  point  from  which  incident  rays 
become  parallel  to  the  optic  axis  after  entering  the  eye,  or 
vice  versa,  where  parallel  rays  of  light  in  the  eye  come  to  focus 
in  front  of  the  eye.  (0'  Fig.  1.) 

The  second  principal  focus  is  at  that  point  on  the  optic  axis  of 
the  eye,  where  incident  rays  parallel  to  the  optic  axis  before  enter- 
ing the  eye,  become  focused  in  the  eye.  (0",  Fig.  1.) 

Lines  drawn  through  the  principal  foci  at  right  angles  to  the 
optic  axis  are  called  the  focal  planes.  Rays  from  any  point  on  the 
first  focal  plane,  after  refraction,  are  rendered  parallel  to  the  ray 
of  direction  and  to  each  other;  and  parallel  rays,  after  refraction,  are 
brought  to  a point  or  focus  in  the  second  focal  plane. 

The  first  prineipal  focal  distance  is  the  distance  between  the  first 
principal  focus  and  the  first  prineipal  point,  while  the  second  prin- 
cipal focal  distance  is  the  space  between  the  second  principal  focus 
and  the  second  prineipal  point.  (See  Fig.  1.) 

Helmholtz  gives  as  the  average  dimensions  of  the  dioptric  system 
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of  the  eye  the  following  figures,  cited  by  Laudolt  {Refraction  and 
Accommodation  of  the  Eye,  page  120)  which  are  herewith  repio- 
duced : 

Index  of  refraction  of  the  cornea,  a{iueous  humor,  and  vitreous 
body,  1.3365. 

Total  index  of  refraction  of  the  crystalline  lens,  1.4371. 

Radius  of  curvature  of  the  cornea,  7.829  millimetres. 

Radius  of  curvature  of  the  anterior  surface  of  the  crystalline  lens, 
10.0  millimetres. 

Radius  of  curvature  of  the  posterior  surface  of  the  crystalline 
lens,  6.0  millimetres. 

Distance  from  the  apex  of  the  cornea  to  the  anterior  surface  of 
the  crystalline  lens,  3.6  millimetres. 

Distance  from  the  apex  of  the  cornea  to  the  posterior  surface  of 
the  crystalline  lens,  7.2  millimetres. 

Thickness  of  the  lens,  3.6  millimetres.  _ _ 

The  dioptric  system  and  the  retina.  Keeping  in  mind  the  car- 
dinal points  of  the  eye  (the  two  principal  and  the  two  nodal  points. 


A 


Fig.  2.  Showing  Formation  of  Images  on  the  Eetina. 

each  pair  being  considered  as  but  one  point),  we  will  consider  biiefly 
the  method  of  formation  of  images  on  the  retina.  As  is  well  known, 
all  images  are  formed  on  the  retina  in  an  inverted  position  relative 
to  the  object.  For  example,  in  Fig.  2 AB  is  formed  on  the  retina 
in  an  inverted  position  ba.  The  line  of  direction  from  A of  the  ob- 
ject, above  the  optic  axis,  goes  through  the  nodal  point  C and  strikes 
the  retina  at  A below  the  optic  axis;  likewise  all  points  of  the  ob- 
ject above  the  optic  axis  send  rays  through  the  nodal  point  C to 
corresponding  points  on  the  retina  below  the  optic  axis.  On  the 
other  hand,  rays  of  light  from  B below  the  optic  axis,  after  passing 
through  the  nodal  point  strike  the  retina  at  B above  the  optic  axis, 
and  all  points  of  the  object  below  the  optic  axis  send  rays  through 
the  nodal  point  to  corresponding  points  on  the  retina  above  the  op- 
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tic  axis.  Hence  a complete  inverted  image,  ba,  is  formed  on  the 
retina.  The  mind  learns  to  interpret  this  image,  however,  as  up- 
right. From  a photographic  point  of  view,  and  especially  as  ap- 
plied to  the  eye,  the  inverted  image  has  a great  advantage  over  the 
erect  image,  because,  by  having  the  rays  of  light  cross  at  the  nodal 
point  (in  so  doing  they  can  pass  through  a very  .small  opening,  the  pu- 
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pil),  and,  diverging  from  there  on  to  the  retina,  or  receiving  plate  of 
the  camera,  the  image  is  much  larger  than  it  would  be  possible  to  have 
it  if  the  rays  did  not  cross,  but  continued  straight  on^vard  to  meet 
first  at  the  retina  and  form  an  erect  image.  In  the  latter  instance, 
rays  passing  through  so  small  an  opening  as  the  pupil  could  form 
but  a relatively  small  image.  See  Inversion  of  the  image,  p.  6560, 
Vol.  IX  of  this  Encyclopedia. 
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Emmeiropia,  hypennetropia,  myopia.  When  the  dioptric  system 
of  the  eye,  in  a state  of  rest,  brings  parallel  incident  rays  to  an 
exact  focus  on  the  retina,  we  term  that  condition  emmetropia,  and 
the  eye  emmetropic:  when  such  are  brought  to  a focus  back  of  the 
retina,  we  call  that  condition  hypermetropia,  and  the  eye  hyperme- 
tropic: when  such  rays  are  brought  to  a focus  in  front  of  the  retina, 
that  condition  is  known  as  myopia,  and  the  eye  myopic. 

Astigmia.  The  refractive  surfaces  of  the  dioptric  system  of  the 
eye  may  be  so  shaped  that  some  of  the  rays  of  light  entering  the 
eye  may  focus  on  the  retina,  while  other  rays  from  the  same  object 
may  focus  back  of  the  retina  (hypermetropic  astigmatism) ; or,  all 
of  the  light  rays  may  focus  back  of  the  retina,  but  some  farther  back 
than  others  (compound  hypermetropic  astigmatism) ; or,  some  of 
the  rays  may  focus  on  the  retina  while  others  focus  in  front  of  it 
(myopic  astigmatism) ; or  all  of  the  rays  may  focus  in  front  of  the 
retina,  but  some  farther  forward  than  the  others  ( compound  myopic 
astigmatism);  or  some  of  the  rays  may  focus  in  front  of  the  retina 
while  some  focus  back  of  it  (mixed  astigmatism).  Such  conditions 
are  called  astigmatism,  or  astigmia,  and  the  eye  astigmatic.  In  such 
conditions  the  rays  of  light  are  not  brought  to  a clear  focus  or  point, 
but  are  drawn  out  more  or  less  into  a line,  a circle,  or  oval.  All 
refractive  conditions  of  the  eye  other  than  that  of  emmetropia,  are 
classed  under  the  term  ametropia,  which  term  includes  hyperme- 
tropia, myopia,  astigmia. 


Hypermetropia. 

Hypermetropia  may  be  due,  theoretically,  to  any  of  the  following 
conditions  (Parsons,  Pathology  of  the  Eye,  page  932,  Vol.  3)  ; 

(A)  Abnormal  shortness  of  the  eye — axial  hypermetropia.  (B) 
Abnormal  curvature  of  the  refractive  surfaces — curvature  hyper- 
metropia: (a)  too  slight  curvature  of  the  cornea;  (b)  too  slight  curva- 
ture of  one  or  both  surfaces  of  the  lens.  (C)  Abnormal  refractive 
index  of  the  media — index  hypermetropia : (a)  too  low  index  of  the 
cornea  or  aqueous;  (b)  too  low  index  of  the  lens  due  to  (1)  too  low 
index  of  the  nucleus;  (2)  too  high  index  of  the  cortex;  (3)  both 
these  causes.  (D)  Too  high  index  of  the  vitreous.  (E)  Abnor- 
mal position  of  the  lens — i.  e.,  displacement  backwards.  (F)  Ab- 
sence of  the  lens.  (G)  A combination  of  the  above  abnormalities. 

Axial  hypermetropia  is  the  one  we  have  to  deal  with,  clinically, 
in  the  vast  majority  of  cases.  The  hypermetropic  eye  is  not  only 
shorter  in  the  optic  axis,  but,  as  a rule,  is  smaller  in  all  diameters 
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than  tlie  emmetropic  and  myopic  eye;  the  corneal  diameter  is  fre- 
quently reduced,  and  the  anterior  chamber  shallower  than  in  either 
the  emmetropic  or  myopic  eye.  These  are  not  pathologic  defects, 
however,  but  are  normal  relative  to  the  decrease  in  the  size  of  the 
eye.  That  the  structure  of  the  hypermetropic  eye  is  not  prone  to 
produce  pathologic  changes  is  evidenced  by  the  fact  that  it  seldom 
presents  the  structural  and  mechanical  changes  seen  in  myopic  eyes. 
It  is  true  that  occasionally  we  may  observe  posterior  sclerochoroidal 
ectasise,  and  the  crescent  at  the  disc,  of  a moderate  degree,  but 
usually  so  small  in  extent  as  not  to  affect  the  visual  acuity.  These 
changes  in  the  hypermetropic  eye  are  brought  about  in  exactly  the 
same  manner  as  like  changes  in  myopic  eyes,  that  is,  by  a lengthen- 
ing of  the  eyeball,  which  takes  place  when  the  flat,  hypermetropic 
eye  approaches  in  length  toward  emmetropia  and  myopia.  As  is 
well  known,  most  human  beings  are  bom  with  hypermetropic  eyes, 
and  the  tendency  is  always  towards  the  lengthening  of  the  optic 
axis,  that  is,  towards  myopia.  In  this  lengthening  process  usually 
no  change  takes  place  in  the  membranes  of  the  eye  until  the  myopic 
stage  of  refraction  has  been  reached.  Hence  the  relative  infrequency 
of  changes  observed  in  the  hypermetropic  eye  as  compared  witli 
the  myopic  eye. 

There  is  frequently  to  be  observed  in  the  hypermetropic  eye  a pe- 
culiar condition  which  is  termed  “watered  silk,”  or  “shot  silk” 
from  its  supposed  resemblance  to  the  sheen  of  silk.  It  is  a physi- 
ologic state.  Again,  in  the  hypermetropic  eye  a condition  is  fre- 
quently observed  that  resembles  neuritis.  The  disc  may  be  some- 
what swollen  and  the  outlines,  especially  on  the  nasal  side,  obscured. 
The  finer  blood  vessels  are  increased  in  number  and  striae  or  white 
lines  are  prominent  along  the  larger  vessels.  The  condition  has  been 
termed  “pseudoneuritis  (Stephenson)  or  hyperopic  disc.”  As  it  is 
not  progressive,  and  the  vision  not  affected,  a few  weeks  of  observa- 
tion, by  anyone  in  doubt  as  to  its  real  nature,  serves  to  clear  up  the 
diagnosis.  See,  e.  g..  Neuritis,  Spurious,  p.  8329,  Vol.  XI  of  this 
Encyclopedia. 

The  other  forms  of  hypermetropia  other  than  the  axial,  as  curva- 
ture and  index  hypermetropia,  and  hypermetropia  due  to  luxation, 
displacement  or  absence  of  the  crystalline  lens  (if  we  except  the 
cases  of  absence  of  the  opaque  lens  following  cataract  operation), 
comprise  but  a relatively  small  per  cent,  of  all  cases  of  hyperme- 
tropia. 

Curvature  hypermetropia  may  be  plaeed  in  the  pathologic  class, 
since  it  has  been  demonstrated  by  numerous  observers  that  in  the 
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jioriual  eye  tliere  is  no  definite  relation  between  the  radius  of  curva- 
ture of  the  cornea  and  the  refractive  condition  of  tlie  eye,  either 
in  hypermetropia  or  myopia.  Bonders  called  attention  to  this  point 
long  ago.  (See  citation  under  Myopia.) 

Index  hypermetropm  is  a rare  condition,  sometimes  observed  in 
diabetic  subjects,  and  is  usually  of  a transitory  nature.  It  may  be 
accounted  for  either  by  an  increase  in  the  refractive  index  of  the 
vitreous  or  of  the  cortical  layers  of  the  crystalline  lens.  The  hyper- 
metropia of  the  aged  may  also  be  accounted  for  by  an  increase  of 
the  refractive  index  either  of  the  vitreous  or  of  the  cortical  layers 
of  the  lens,  or  perhaps  to  a weakened  condition  of  the  ciliary  mus- 
cle. 

Ilypennetropia  due  to  luxation  of  the  lens  is  usually  of  a patho- 
logic nature.  Hypeimietropia  brought  about  by  removal  of  the 
crystalline  lens  in  a previously  emmetropic  eye,  amounts  to  about 
ten  or  eleven  diopters. 


Myopia. 

According  to  the  classification  of  Parsons,  myopia  may  be  due, 
theoretically,  to  any  of  the  following  conditions:  A.  Abnormal 
length  of  the  eye — axial  myopia.  B.  Abnormal  curvature  of  the 
refracting  surfaces — curvature  myopia:  (a)  too  strong  curvature 
of  the  cornea;  (b)  too  strong  curvature  of  one  or  both  surfaces  of 
the  lens.  C.  Abnormal  refractive  index  of  the  media — index  my- 
opia: (a)  too  high  index  of  the  cornea  or  aqueous;  (b)  too  high  total 
index  of  the  lens,  due  to  (1)  too  high  index  of  the  nucleus;  (2)  too 
low  index  of  the  cortex;  (3)  both  these  causes,  (c)  Too  low  index 
of  the  vitreous.  D.  Abnormal  position  of  the  lens — i.  e.,  displace- 
ment forwards.  E.  A combination  of  the  above  abnormalities. 

Axial  myopia.  Of  the  different  forms  of  myopia,  the  axial  va- 
riety, where  the  antero-posterior  diameter  of  the  eye  is  too  long,  is 
the  one  with  which  m’Q  have  to  deal  in  the  vast  majority  of  cases. 
Clinically,  it  may  be  divided  into  three  classes  of  eases  which  Bon- 
ders termed  stationary,  temporarily  progressive,  and  permanently 
progressive,  which  latter  is  often  designated  malignant  myopia. 

The  so-called  stationary  form  of  myopia  increases  but  a very  lit- 
tle in  amount,  not  above  three  or  four  diopters  as  a rule,  and  there 
are  no  pathologic  changes,  at  least  none  due  to  the  structure  of  the 
eye. 

Temporarily  progressive  myopia  increases  slowly,  and  rarely  ex- 
ceeds eight  diopters  in  amount.  Bonders  claims  that  the  increase 
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lies  mostly  between  the  12th  and  25th  years  of  age,  and  fui’ther 
that  it  is  exceptional,  after  having  attained  to  as  much  as  8 diopters, 
for  it  to  remain  entirely  stationary.  Experience  has  brought  out  the 
ti-uth  of  the  above  observations. 

Permanently  'progressive  myopia  may  be  of  rather  high  degree, 
even  in  the  young,  and  is  not  confined  to  tlie  educated  classes,  often 
being  observed  in  the  uneducated.  It  develops  most  rapidly  up  to 
the  25th  year,  then,  as  a rule,  more  slowly,  but  does  not  cease  to  in- 
crease even  in  advanced  age.  Diminution  in  such  degrees  of  myopia 
(15  to  20  D.)  at  an  advanced  time  of  life  is  not  to  be  thought  of;  the 
influence  of  the  increasing  distension  of  the  eye  in  the  direction  of 
the  visual  axis  is  never  overcome,  and  is  even  not  compensated  for 
by  the  diminishing  refraction  of  the  lens. 

Structural  changes  in  myopia-.  These  are  confined  almost  wholly 
to  the  posterior  segment  of  the  eye,  the  optic  disc,  sclera,  choroid  and 
retina  being  involved,  the  posterior  pole  and  macular  region  being 
especially  prone  to  changes  in  the  higher  degrees  of  myopia. 

One  of  the  earliest  and  most  commonly  observed  changes  in  the 
myopic  eye,  even  of  low  degree,  is  the  myopic  crescent.  This  is  usu- 
ally seen  to  the  outer  or  temporal  side  of  the  disc,  though  it  may 
occupy  any  position  around  the  border  of  the  disc.  As  its  name 
implies  it  is  crescentic  in  shape,  varying  in  width  at  its  widest  part, 
from  a narrow  band  to  ^ the  diameter  of  the  optic  disc  itself,  and 
usually  extends  % to  I/2  way  around  the  disc.  Its  borders  may  be 
sharply  cut  and  smooth,  often,  however,  the  outer  edge  or  border 
farthest  from  the  disc  is  irregular  in  outline  and  pigmented.  With 
increase  of  the  myopia  the  crescent  usually  broadens,  until  it  may 
be  twice  the  diameter  of  the  disc,  and  may  also  completely  encircle 
it.  With  increase  in  width,  the  surface  of  the  crescent  may  become 
sunken,  thus  forming  a true  staphyloma.  And  as  this  depression 
progresses  both  in  width  and  depth,  due  to  thinning  and  stretching 
of  the  sclerotic  coat,  a true  ectasia  or  posterior  staphyloma  is  formed. 
The  choroid  and  retina  are  thinned  and  stretched  at  the  same  time, 
and  when  the  staphyloma  extends  to  the  posterior  pole  and  the  macu- 
la becomes  involved,  the  vision  is  markedly  reduced.  This  de- 
pression of  the  sclera  may  be  observed  with  the  ophthalmoscope 
and  its  outline  and  depth  estimated.  Peculiar  to  this  eondiiton  in 
some  cases  of  high  myopia  are  also  dark,  crescentic  lines  or  shadows 
at  the  border  of  the  staphyloma,  which  are  crescentic  with  the  optic 
disc,  but  more  pronounced  as  a rule  on  the  nasal  side  of  the  disc. 
The  retinal  vessels  when  passing  over  them  make  a marked  turn  and 
may  even  be  lost  to  sight,  as  observed  in  cupping  of  the  disc  in  glau- 
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coma.  Furthermore,  the  surface  of  this  depressed  portion  of  the 
fundus  is  paler  than  the  surrounding  parts,  due  to  stretching  of  the 
choroid  and  retina  and  thinning  of  the  pigment,  the  choroidal  ves- 
sels often  showing  through. 

As  to  the  cause  of  posterior  staphyloma,  Graefe  was  of  the  opin- 
ion that  it  was  to  a low  grade  inflammation  of  the  sclera  and  choroid 
at  the  posterior  pole  of  the  eye,  which  he  designated  by  the  term 
“sclerotico-choroiditis  posterior.”  The  inflammatory  origin  of  the 
trouble  was  questioned  by  later  observers,  and  Graefe  himself  yielded 
from  his  first  position.  By  the  majority  of  surgeons  the  condition  is 
thought  to  be  brought  about  by  stretching  and  thinning  of  the  sclera 
with  atrophic  changes  in  the  choroid  and  deeper  layers  of  the  retina. 
See,  also.  Conus,  p.  3286,  Vol.  V of  this  Encyclopedia. 

Excessive  traction  on  the  retina.  In  this  condition  the  retina  is 
stretched  or  dragged  over  the  nasal  side  of  the  disc  (Jaeger)  ; and  in 
some  cases  of  high  myopia  Nagel  states  that  the  displacement  of  the 
retina  may  reach  very  near  to  the  center  of  the  disc.  Microscopic 
examinations  of  such  cases  show  that  not  only  the  retina  is  displaced, 
but  that  the  choroid  also  is  dragged  onto  the  nasal  half  of  the  disc, 
though  not  to  the  same  extent  as  the  retina.  At  the  same  time  the 
temporal  border  of  the  optic  disc  may  be  dragged  or  pushed  out  over 
the  border  of  the  sclera  (Weiss).  Weiss  has  also  called  attention  to  a 
reflex  streak,  crescentic  in  shape,  at  the  nasal  margin  of  the  disc 
which  often  is  to  be  seen  in  beginning  myopia.  The  condition  is  due, 
he  states,  to  a slight  detachment  of  the  vitreous  at  this  point,  with 
a fluid  exudate  beneath. 

Detachment  of  the  retina  itself  occurs  in  about  one  or  two  per 
cent,  of  all  cases  of  myopia,  taking  place  relatively  more  frequently 
in  the  higher  grades  of  myopia.  Even  a rent  in  the  retina  may  be 
observed  at  times.  Rarefaction  and  partial  absorption  of  the  pig- 
ment layer,  together  with  degenerative  changes  in  the  posterior  lay; 
ers  of  the  retina,  are  of  common  occurrence  in  the  higher  degrees  of 
myopia.  These  changes  in  the  retina.  Parsons  states,  “are  wholly 
secondary  to  those  in  the  choroid,”  and  are  limited  at  first  to  the 
outer  layers,  which  are  dependent  upon  the  chorio-capillary  layer 
of  the  choroid  for  their  nutrition.  However,  at  the  macular  region, 
the  degenerative  changes  may  affect  the  entire  thickness  of  the  retina, 
while  the  pigment  and  even  the  pigment  cells  in  certain  areas  of 
the  retina  may  become  partly  absorbed  and  in  other  portions  the 
pigment  may  be  piled  in  heaps.  The  macular  region  is  especially 
subject  to  these  changes  both  in  the  retinal  and  choroidal  layers. 
The  atrophic  spots  may  be  whitish  or  yellowish-white  in  color ; again 
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the  spots  may  be  pigmented  and  irregular  in  shape,  and  may  be  so 
extensive  as  to  reach  to  the  disc.  Whitish  branched  lines  may  oc- 
cupy this  region,  and  small  hemorrhages  sometimes  occur. 

Occasionally,  in  high  myopia,  dense,  almost  circular  pigment  spots 
may  be  seen  in  the  macular  region,  and  are  known  as  Fuchs’  pig- 
ment spots.  Forster  first  called  attention  to  them,  as  long  ago  as 
1862.  According  to  the  investigations  of  Lehruns  they  are  due  to 
a heaping  up  of  the  retinal  pigment. 

The  vertical  oval  appearance  of  the  optic  disc  itself  in  high  myopia, 
as  viewed  with  the  ophthalmoscope  (excluding  the  effect  an  astigmatic 
refraction  might  produce),  may  he  due  to  a slight  oblique  position  of 
the  nerve  head,  brought  about  by  displacement  of  the  disc  to  the  tem- 
poral side  (Weiss,  Heine) . Perhaps  also  a slight  retraction  of  the  tem- 
poral half  of  the  disc  may  have  some  infiuence  to  produce  this  effect. 

The  ciliary  muscle  in  myopia,  especially  in  the  higher  grades,  is  less 
well  developed  than  in  emmetropia  or  hypermetropia,  simply  from  the 
want  of  exercise,  the  circular  fibres  of  the  muscles  in  particular  being 
affected.  Other  distinguishing  features  of  the  myopic  eye,  as  con- 
trasted with  emmetropic  and  hypermetropic,  are:  a deeper  anterior 
chamber,  vitreous  opacities,  and  in  the  higher  degrees  a prominent 
appearance,  due  to  elongation  of  the  eyeball.  Furthermore,  in  these 
higher  degrees,  the  cornea  is  sometimes  flatter  or  less  round  than  in 
emmetropia,  contrary  to  what  is  frequently  assumed  to  be  the  case, 
that  is,  in  axial  myopia  that  the  radius  of  curvature  of  the  cornea  is 
shorter  than  in  emmetropia.  Conical  cornea  and  diseased  conditions 
of  the  cornea  are  not  here  considered. 

Cmises  of  myopia. 

The  etiology  of  myopia  has  been  widely  discussed,  and  while  the 
various  factors  that  may  enter  into  its  causation  have  not  been  fully 
agreed  upon,  the  main  or  underlying  ones  have  received  general  rec- 
ognition. Broadly  speaking,  the  causes  may  be  divided  into  two 
classes:  (1)  influences  external  to  the  eyeball;  and  (2)  influences  in 
the  tissues  of  the  eyeball  itself. 

External  influences:  (1)  Heredity — According  to  Hirschberg 
{Treatment  of  Shortsight,  page  109,  1912)  and  many  other  observers, 
heredity  plays  an  important  part  in  the  production  of  myopia,  a 
point  of  view  shared  by  most  surgeons  to-day,  and  this,  in  spite  of  the 
fact,  as  proved  by  statistics,  that  most  children  are  born  hyper- 
metropic or  emmetropic.  Nevertheless,  the  tendency  to  myopic  refrac- 
tion is  more  pronounced  in  those  children  born  of  myopic  than  in 
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those  born  of  hypermetropic  parents,  the  condition  tending  to  run  in 
certain  families.  In  other  words,  the  eyes  of  children  born  of  myopic 
ancestors  though  emmetropic  or  hyperopic  at  birth,  when  subjected 
to  the  same  strain  as  the  eyes  of  children  born  of  hyperopic  parents, 
yield  more  readily  to  the  strain,  and  apparently  so  only  because  of  an 
inherent  weakness. 

That  most  if  not  quite  all  children  are  born  with  hyperopic  or 
emmetropic  eyes  has  been  abundantly  proved.  H.  Cohn  (Unter- 
suchiing  der  Aiigen  von  10000  Schulkindern.  Leipzig,  1867).  Herm- 
heiser,  Roosa  and  Ely  {Archives  of  Ophthalm.,  Yol.  IX,  No.  1,  p.  29), 
and  many  others,  have  furnished  statistics  on  the  subject.  Although 
very  few,  if  any,  children  are  born  myopic,  this  condition  of  the  re- 
fraction begins  to  manifest  itself  early  in  life,  about  the  seventh  or 
eighth  year,  rarely  before  this,  and  increases  rapidly  in  the  number 
of  cases  affected  up  to  the  20th  year.  The  degree  of  the  myopia 
also  increases  more  or  less  rapidly,  according  to  occupation,  up  to 
20  years  of  age,  when,  as  a rule,  it  ceases  to  increase.  Cases  which 
continue  to  progress  more  or  less  rapidly  beyond  this  age  usually 
show  pathologic  changes  and  are  termed  malignant  myopia,  which  is 
really  a diseased  condition  of  the  eye  not  dependent  upon  occupa- 
tion. However,  it  may  be  made  worse  by  abuse  or  overuse  of  the  eye 
under  unhygienic  surroundings.  In  fact,  it  is  claimed  that  the  ordi- 
nary forms  of  myopia  (mildly  progressive)  may  be  changed  into  the 
true  progressive  or  malignant  myopia,  by  overuse  of  the  eye  under 
unsuitable  conditions,  as  in  bad  light,  in  the  recumbent  position,  long 
hours  without  rest,  and  when  the  general  health  is  run  down. 

(2)  Shape  of  the  orhit.  To  the  confortnation  of  the  orbit  has 
been  attributed  an  influence  on  the  shape  of  the  eyeball.  Stilling 
asserts  that  in  orbits  with  low  roofs  or  short  vertical  diameters,  the 
superior  oblique  muscle,  owing  to  the  low  position  of  the  attachment 
of  the  trochlea  exerts  greater  pressure  on  the  eyeball  than  in  orbits 
with  a greater  vertical  diameter.  This  increased  pressure  of  the  supe- 
rior oblique  muscle  on  the  equator  of  the  eyeball  is  supposed  to  cause 
elongation  of  the  eye  in  its  antero-posterior  axis.  Hamberger, 
Schmidt-Rimpler,  Herrnheiser  and  others  who  have  made  measure- 
ments of  orbits  to  ascertain  if  a fixed  relation  between  the  size  of  the 
orbit  and  the  length  of  the  eye  obtained,  failed  to  find  any  such  rela- 
tion, and  rejected  Stillings’  theory. 

(3)  Even  the  shape  of  the  head  has  been  invoked  to  account  for 
myopia.  Broad  heads  with  wide  inter-pupillary  distances  are  sup- 
posed to  exert  a predisposing  influence  on  the  development  of  the  long 
or  myopic  eye,  e.  g.,  as  follows : With  a wide  pupillary  distance,  the 
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eyes,  in  order  to  fix  an  object  especially  near  at  hand,  are  forced  to 
turn  farther  inward  than  when  the  pupillary  distance  is  narrow.  In 
so  doing,  the  external  recti  muscles  are  forcibly  stretched  over  the 
temporal  halves  of  the  globe,  which  pressure  on  the  side  of  the  eye 
tends  to  elongate  it  in  the  antero-posterior  diameter,  the  sclera  stretch- 
ing and  extending  backwards. 

(4)  The  influence  of  accupatim,  especially  any  occupation  re- 
quiring tiBcir  w&rkf  as  in  school  work,  sewing,  etc.,  has,  for  a long 
time,  been  recognized  as  a cause  of  myopia,  that  is,  of  the  benign  or 
non-malignant  type.  It  may  be  a factor  also  in  making  worse  the 
progressive  form,  which  is  not  due  to  occupation,  but  to  the  tend- 
ency which  is  supposed  to  be  inherited.  That  near  work,  reading, 
studying,  etc.,  may  produce  myopia  is  evidenced  by  the  frequency 
that  myopia  is  observed  in  school  children,  and  the  higher  the  grade 
the  more  frequent  the  affection  and  the  higher  the  degree  of  the 
myopia.  From  about  the  age  of  seven  or  eight  up  to  twelve  or  four- 
teen years  is  the  period  myopia  is  most  apt  to  manifest  itself,  and  it 
is  very  liable  to  increase  more  or  less  rapidly  until  twenty  years  of 
age,  when  usually  its  progress  is  arrested.  The  posterior  segment 
of  the  eye  gradually  extends  backwards,  with  no  or  but  little  patho- 
logic change  in  the  membranes,  the  antero-posterior  axis  of  the  eye 
being  lengthened,  thus  bringing  about  true  axial  myopia. 

Just  how  near  work  brings  about  lengthening  of  the  eyeball  has 
been  the  subject  of  discussion.  Bonders  (Accommodation  and  Re- 
fraction of  the  Eye,  p.  343)  states  that  three  factors  enter  into  its 
causation;  “ (1)  Pressure  of  the  muscles  on  the  eyeball  in  strong  con- 
vergence of  the  visual  axes;  (2)  increased  pressure  of  the  fluids, 
resulting  from  accumulation  of  blood  in  the  eyes  in  the  stooping  posi- 
tion; (3)  congestive  processes  in  the  fundus  oculi,  which,  leading  to 
softening,  even  in  the  normal,  but  still  more  under  the  increased  pres- 
sure of  the  fluids  of  the  eye,  give  rise  to  extension  of  the  membranes.” 

The  second  factor,  as  given  by  Bonders,  the  stooping  position, 
which  causes  congestion  in  the  fundus,  is  now  generally  conceded  to 
be  a potent  one  in  the  causation  of  myopia.  And  the  recumbent  posi- 
tion, as  when  lying  in  bed,  reading,  should  be  placed  in  the  same  cate- 
gory of  causes  as  the  stooping  position. 

The  third  factor,  congestive  processes  in  the  fundus  which  lead  to 
softening,  has  been  accepted  by  some  surgeons  and  rejected  by  others. 
Von  Graefe  (cited  above)  put  forth  the  theory  that  a true  inflamma- 
tory process  in  the  choroid  and  sclera,  followed  by  thinning  and 
stretching  of  these  membranes,  was  the  cause  of  posterior  staphyloma, 
in  high  myopia.  At  present  this  theory  is  rejected  almost  wholly,  as 
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evidences  of  such  posterior  inflammatory  processes  in  these  cases 
have  seldom  been  found. 

(5)  The  influence  of  excessively  active  accommodation  as  a factor 
in  the  production  of  myopia  may  be  eliminated  from  the  discussion, 
though  it  has  had  very  eminent  supporters,  among  others  Tscheming 
{Physiologic  Optics,  p.  87),  who  also  cites  Javal  in  its  support.  The 
theory  of  Homer,  that  a short  optic  nerve  may  produce  myopia  by 
traction  on  the  posterior  segment  of  the  eye  in  its  various  movements, 
may  also  be  eliminated  as  improbable.  Neither  claim  has  been  suffi- 
ciently substantiated  by  facts. 

(6)  Sex  plays  a relatively  unimportant  part  in  the  cau.sation  of 
myopia,  though  statistics  would  seem  to  show  that,  especially  in  the 
higher  degrees,  it  is  more  frequently  observed  in  women  than  in  men. 
That  I'oce  plays  a part  in  the  production  of  myopia  is  doubtful,  al- 
though the  Jewish  race  is  supposed  to  be  more  frequently  afflicted 
with  the  higher  degrees,  and  especially  of  the  malignant  type,  than 
other  races. 

Parsons  {Pathology  of  the  Eye,  Vol.  3,  p.  926),  after  carefully 
reviewing  the  literature  on  the  subject  of  myopia,  and  its  causes, 
states  that : ‘ ‘ The  evidence  in  the  matter  of  the  extrinsic  theories  of 
myopia  is  therefore  discordant  and  unsatisfactory.  More  weight 
must  be  attached  to  what  may  be  called  the  intrinsic  theories.  Mauth- 
ner  voices  the  general  opinion  when  he  states  that  ‘the  congenital 
basis  of  myopia  is  to  be  sought  in  nothing  else  than  in  a defective 
resistance  of  the  sclerotic,  especially  in  its  posterior  half.  ’ ’ ’ 

“Whether  in  addition  to  a congenital  weakness  an  acquired  factor 
must  also  be  invoked  is  uncertain,  v.  Graefe  enunciated  the  view 
that  the  changes  at  the  posterior  pole  were  the  outcome  of  a sclero- 
choroiditis,  but  he  himself  modified  his  opinion  on  finding  no  ana- 
tomical evidence  of  infiammation.  Later  observers  agree  that  in- 
flammatory stigmata  are  usually  absent,  Heine’s  careful  researches 
being  especially  noteworthy ; he  found  the  degenerated  retina  sharply 
delimited  by  an  intact  lamina  vitrea  from  the  normal,  though  much 
stretched  choroid  and  sclerotic.  At  the  same  time  it  must  be  remem- 
bered that  there  is  little  or  no  difference  between  the  ultimate  effects 
of  inflammatory  lesions  and  the  condition  found  in  myopia,  and  that 
a very  slight  chronic  inflammation  may  present  few  objective  micro- 
scopical features.  It  may  be  that  the  lower  grades  of  myopia  are 
entirely  congenital  in  origin,  whilst  the  higher  grades  of  so-called 
progressive  myopia  have  in  addition  etiologically  a true  inflammatory 
factor.  ’ ’ 

Malignant  myopia.  This  type  of  myopia,  unlike  the  acquired  form, 
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or  “school  myopia”  as  it  is  sometimes  called,  frequently  manifests 
itself  before  the  school  age.  According  to  Tscherning  {Physiologic 
Optics,  p.  86)  it  may  sometimes  be  congenital  and  more  or  less  sta- 
tionary in  character.  As  a rule  it  begins  in  early  infancy  and  con- 
tinues to  progress  throughout  life.  He  considers  the  cause  to  be  a 
malignant  choroiditis.  Priestley  Smith  also  claims  that  acute  syphi- 
litic choroiditis  may  produce  malignant  myopia. 

Whether  there  is  a true  dividing  line  between  non-progressive  and 
progressive  myopia  is  a matter  of  opinion,  some  surgeons  claiming 
that  a case  of  myopia  may  pass  through  all  gradations  from  the  mild- 
est to  the  most  malignant  forms  without  a dividing  line,  while  other 
observers  make  a sharp  line  of  distinction  between  the  benign  forms 
of  myopia  and  the  malignant  or  progressive  type.  But  whatever  the 
cause,  malignant  myopia  is  characterized  by  rapid  lengthening  of 
the  eye-ball,  accompanied  by  changes  at  the  macula  and  near  the  disc, 
resulting  in  posterior  staphyloma,  and  at  times  with  detachment  of 
the  retina.  Vitreous  opacities  are  not  uncommon  and  even  partial 
atrophy  of  the  optic  nerve  may  take  place.  As  a result,  there  may 
be  an  increase  in  the  size  of  the  blind  spot,  scotoma  may  be  present 
from  patches  of  choroidal  and  retinal  atrophy,  and  subjective  symp- 
toms of  floating  specks,  black  spots  and  phosphenes  are  often  pres- 
ent. The  vision  is  always  greatly  impaired,  and  the  sight  may  be 
totally  lost,  as  hemorrhages  at  the  macula  or  detachment  of  the  re- 
tina may  take  place. 

At  times,  in  cases  of  high  myopia,  the  tension  of  the  eye  is  eonsidei- 
ably  elevated,  though  apparently  this  is  the  only  sign  of  glaucoma 
or  tendency  in  that  direction.  The  writer  has  had  such  a case  of 
high  myopia  (16  D.,  with  large  posterior  staphyloma  in  each  eye  and 
marked  choroidal  and  retinal  atrophy  near  the  margin  in  ono)  under 
observation  for  more  than  a year. 

Not  infrequently  the  coniea  is  flatter  in  these  cases  of,  high  myopia 
than  in  emmetropia ; consequently  the  myopia  is  a true  (ucial  one. 

(JuTvotuTc  Ytiyopi-Ci  may  be  due  to  an  excessive  curvature  of  the 
cornea  or  of  either  surface  of  the  crystalline  lens ; or  to  partial  dis- 
placement or  luxation  of  the  lens.  In  a normal  eye,  curvature  myopia 
rarely  exceeds  in  amount  one  or  two  diopters,  in  fact,  seldom  reaches 
that  amount;  and  when  of  considerable  or  large  amount  is  always 
as.sociated  with  pathologic  conditions,  as  conical  cornea,  or  conical 
lens.  In  such  conditions  there  is  also  an  irregular  astigmatism  to 
deal  with.  Curvature  myopia  may  result  from  operations  on  the  eye. 

The  author  has  used  the  Javal  ophthalmometer  coirstantly  in  hos- 
pital and  private  practice  since  1890,  and  after  an  experience  cover- 
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ing  several  thousand  refractive  cases  has  been  unable  to  find  any 
constant  relation  between  the  radius  of  curvature  of  the  cornea  (in 
the  normal  eye)  and  the  refractive  condition  of  the  eye.  Bonders 
states:  “A  priori,  it  might  be  supposed,  and  it  has  not  only  been 
supposed,  but  also  asserted,  that  less  convexity  of  the  cornea  and  of 
the  ciystalline  lens  is  peculiar  to  the  hypermetropic  eye.  So  far  as 
the  cornea  is  concerned,  I am  justified  by  the  results  of  numerous 
accurate  determinations  in  denying  the  assertion.  Even  in  high  de- 
gi-ees  of  hypermetropia  the  radius  in  the  visual  line  is  nearly  equal 
to  that  in  the  emmetropic  eye;  in  the  highest  degrees,  when  the  cir- 
cumference of  the  cornea  is  someAvhat  less  than  usual,  I found  the 
radius  even  less.” 

The  same  author  draws  a similar  conclusion  in  regard  to  myopia, 
that  is,  that  the  radius  of  curvature  of  the  cornea  bears  no  definite 
relation  to  the  refractive  condition  present.  In  extreme  degrees  of 
myopia,  on  the  contrary,  a somewhat  flatter  cornea  is  met  with. 

Bonders  {Accommodation  and  Refraction  of  the  Eye,  p.  246)  admits 
such  things  as  curvature  myopia  and  curvature  hypermetropia,  but 
his  ultimate  conclusion  is,  “That  myopia  usually  depends  upon  an 
elongation,  and  hypermetropia  upon  a shortening,  of  the  axis  of 
vision.”  All  subsequent  observers  have  confirmed  this  view. 

Schiotz  (cited  by  A.  Javal,  System  of  Diseases  of  the  Eye,  Norris 
and  Oliver,  Vol.  II,  p.  127)  has  also  made  special  investigations  with 
the  ophthalmometer  as  to  the  corneal  curvature  in  cases  of  hyper- 
metropia, myopia,  and  emmetropia,  but  found  no  definite  relation 
existing  between  them. 

Javal,  in  commenting  on  this  subject,  says:  “It  is,  in  fact,  remark- 
able how  greatly  the  radius  of  curvature  may  vary  for  the  same  re- 
fractive condition.  In  emmetropia  the  radii  of  curvature  as  measured 
by  Schiotz  varied  betw’een  the  limits  of  8.657  mm.  and  7.243  mm. 
or,  in  diopters,  between  38.8  B.  and  45.3  B., — a difference  of  not  less 
than  6.5  B.  From  these  figures  it  would  appear  that  variations  in 
the  radius  of  corneal  curvature  do  not  play  any  great  role  in  deter- 
mining the  refraction.  A still  more  conclusive  proof  is  afforded  by 
observations  made  on  antimetropes.  As  a rule,  in  such  persons  wc 
find  the  same  radius  of  corneal  curvature  in  both  eyes,  even  when 
one  of  these  eyes  is  highly  myopic.” 

The  writer’s  own  experience  has  been  that  of  the  great  majority 
of  observers  in  not  finding  any  definite  relation  between  the  radii 
of  corneal  curvature  and  the  other  refractive  factors  in  the  eye. 
Furthermore,  according  to  the  calculations  of  Mauthner,  the  radius 
of  curvature  of  the  emmetropic  eye  may  vary  in  length  between  7 
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and  8.50  millimeters,  under  which  conditions  the  length  of  the  emmet- 
ropic eye  must  vary  between  22.25  and  26.24  millimeters.  And  since 
a difference  in  length  of  the  eye  of  one  millimeter  corresponds  to  an 
ametropia  of  2.50  D.  (Tscherning)  it  is  easily  seen  by  this  calcula- 
tion that  an  emmetropic  eye  may  vary  10  whole  diopters  in  refractive 
power ! 

The  radial  curvatures  of  the  cornea  are,  therefore,  manifestly  mis- 
leading as  indicators  of  the  probable  dioptric  condition  of  the  eye. 

Since  Souter’s  ophthalmophakometer  has  been  in  practical  use  the 
writer  has  examined  the  posterior  surface  of  the  crystalline  lens  to 
ascertain  if  there  is  any  definite  relation  between  the  curvature  of  that 
surface  and  the  ocular  refractive  but  found  none. 

Curvature  myopia  of  any  considerable  amount  may,  therefore,  be 
looked  for  only  in  diseased  conditions  of  the  eye — conical  cornea, 
lenticonus,  etc. 

Displacement  of  th£  crystalli'ne  lens  may  also  produce  a form  of 
curvature  myopia.  If  the  lens  is  luxated  so  that  it  occupies  but  part 
of  the  pupillary  space  (especially  if  it  assumes  an  oblique  position) 
the  refractive  power  is  increased  and  a myopic  state  is  the  result. 
This  obtains  especially  in  young  subjects,  because  in  rupture  of  the 
zonule  of  Zinn  the  lens  assumes  a more  spherical  shape  than  when 
held  in  compression  by  the  intact  zonule  acting  on  the  capsule.  If 
the  lens  is  displaced  forward  a myopic  refraction  is  produced;  but 
such  a luxation  is  manifestly  due  to  a diseased  condition  and  should 
not  be  classed  as  a refractive  error. 

Lenticonus  posterior  is  an  unusual  condition,  while  lenticonus  ante- 
rior is  exceedingly  rare,  having  been  reported  only  about  five  or  six 
times  in  literature;  one  of  them  by  the  writer  (Refraction  of  the  Eye, 
p.  372).  See,  also,  p.  7417,  Vol.  X of  this  Encyclopedia. 

In  iridocyclitis  myopia  has  been  obsem’ed,  and  Parsons  cites  a case 
reported  by  Hess  where  it  amounted  to  5 D.  The  writer  has  had 
under  observation  a case  in  which  myopia  amounted  to  3 D.  though 
the  patient  was  placed  under  the  full  effects  of  atropine  for  about 
eight  weeks.  When  the  patient  first  came  under  observation,  vision 
equalled— 20/20  (with— 1 D.  cyl-ax.  180°),  now  it  requires— 3 D. 
in  addition,  which  brings  the  vision  from  20/200  (to  which  it  was 
reduced)  up  to  20/20 — . This  large  amount  of  myopia  cannot  be 
accounted  for  by  an  increase  in  the  refractive  index  of  the  aqueous 
or  lens,  but  must  be  due  to  an  increased  curvature  of  the  lens,  espe- 
cially as  no  changes  in  curvature  of  the  cornea  have  taken  place. 

Index  myopia.  This  may  be  caused  by  an  increase  of  the  refractive 
index  of  the  cornea,  aqueous  or  lens,  or  to  a decrease  in  the  refrac- 
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live  index  of  the  vitreous.  The  most  common  form  of  index  myopia 
is  that  occurring  in  the  crystalline  lens  of  old  people.  It  is  responsi- 
ble, in  fact,  for  most  cases  of  “second  sight,”  which  is  due  to  hard- 
ening, and  to  an  increase  in  the  refractive  index  of  the  crystalline 
lens,  especially  of  the  nucleus  of  the  lens  in  the  aged.  This  index 
myopia  of  the  lens  in  the  aged,  however,  is  usually  followed  in  a short 
time  by  the  fonnation  of  a cataract,  so  that  “second  sight,”  as  a rule, 
ends  with  no  sight  at  all.  There  are  a few  exceptions  to  this  rule, 
however,  where  this  so-called  second  sight  is  retained  for  years.  See 
p.  6186,  Vol.  VIII  of  this  E'ticyclopedia.  The  amount  or  degree  of 
index  myopia  may  even  reach  as  high  as  10  D.  (Landsberg,  cited  by 
Weeks),  and  Weeks  himself  {Diseases  of  the  Eye,  p.  657)  reports 
one  case  of  6 D. 

Diabetes  may  be  a cause  of  lenticular  index  myopia.  Many  such 
cases  have  been  reported.  The  writer  has  had  one  such  case  (woman, 
aged  42)  under  observation  for  the  last  seven  years.  When  first  seen 
(1907)  the  patient  had  hypermetropic  astigmatism  .25  D.  in  right 
eye  and  .50  D.  in  left.  In  1908,  she  developed  a myopia  of  1.50  D. 
and  this  myopia  has  been  as  great  as  2.50  D.  in  the  greatest  refracting 
meridian  (a  small  amount  of  astigmatism  remaining).  This  myopia 
has  varied  in  amount  from  .75  D.  to  2.50  D.,  according  to  the  amount 
of  sugar  present.  With  correction,  vision  remains  20/20  plus.  See, 
also,  p.  3924,  Vol.  V of  this  Encyclopedia. 

Myopia  of  any  considerable  degree  as  a result  of  the  increased 
refractive  index  of  the  aqueous,  has  not  been  well  established,  and 
Parsons  remarks  that  the  aqueous  humor  would  require  a refractive 
index  equal  to  that  of  the  cornea  to  produce  a myopia  of  1.50  to  2 D, 
Certainly,  such  a case  would  be  considered  as  of  a pathologic  nature 
rather  than  one  of  a refractive  error ! 

See,  also.  Myopia,  p.  8265,  Vol.  XI  of  this  Encyclopedia. 

Astigmatism. 

The  term  astigmatism  was  introduced  into  scientific  phraseology 
by  Whewell  (q.  v.)  and  is  better  understood  when  we  note  its  deriva- 
tion (from  the  Greek  a,  without,  and  stigma,  a point),  meaning  liter- 
ally “without  a point,”  i.  e.,  rays,  derived  from  one  point,  do  not 
again  unite  in  one  point.  The  condition  is  due  to  an  inequality  of 
the  refracting  surfaces  of  the  eye  or  of  their  combined  action. 

There  are  two  general  types  of  astigmatism,  regular  and  irregidar. 

Regular  astigmatism  is  observed  in  eyes  with  smooth  or  regular 
refracting  surfaces  of  the  cornea  and  lens,  but  whose  chief  or  prin- 
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cipal  meridians  have  a diiferent  refracting  power,  hence  bring  rays 
of  light  from  an  object  to  a focus  at  different  distances  back  of  tliese 
surfaces,  or  not  at  a point  (astigmia).  These  principal  meridians  in 
regular  astigmatism  are  usually  at  right  angles  to  each  other,  but  not 
always  nor  necessarily  so.  It  is  interesting  to  cite  Bonders  on  this 
point : 

“The  cause  of  regular  astigmatism  is  to  be  sought  partly  in  the 
cornea.  Numerous  measurements  have  shown  that  the  cornea  in  its 
several  meridians  has  a different  radius  of  curvature;  and  what 
holds  good  for  the  dioptric  system  of  the  whole  eye,  namely,  that  the 
maximum  of  curvature  usually  lies  closer  to  the  vertical  meridian 
than  to  the  horizontal,  is  equally  applicable  to  the  cornea,  taken  by 
itself.  It  is  thus  established,  in  the  first  place,  that  the  cornea  on 
account  of  its  form  produces  astigmatism;  in  the  second  place,  that 
even  if  the  crystalline  lens  has  an  influence,  the  direction  given  to  it 
by  the  cornea  in  general  preponderates”  {Accommodation  and  Re- 
fraction of  the  Eye,  p.  455).  ^ 

Irregular  astigmatism  is  due  to  a rough  or  irregular  surface  of 
the  cornea  in  the  vast  majority  of  cases,  and  the  refraction  varies  in 
different  parts  of  one  and  the  same  meridian,  as  well  as  in  various 
other  meridians.  This  type  of  astigmatism  is  usually  situated  in  the 
cornea  and  is  the  result  of  inflammatory  conditions  which  have  left 
its  front  surface  rough  and  irregular.  Bonders,  on  the  other  hand, 
states  in  so  many  words  that,  “on  the  lens  depends  irregular  astig- 
matism”; but  this  subject  will  be  discussed  later. 

In  most  cases  of  astigmatism,  both  of  the  regular  and  the  irregular 
type,  it  is  the  cornea  which  is  at  fault.  And  because  of  the  fact  that 
it  separates  a medium  of  low  index  of  refraction  (the  air)  from  a 
medium  of  greater  index  of  refraction  (the  aqueous  humor)  .slight 
inequalities  in  the  curvature  of  its  different  meridians  give  wider 
differences  in  the  refraction  than  if  the  cornea  separated  media  of  the 
same  density. 

The  regular  form  of  astigmatism  is  congenital  in  most  instances, 
though  outside  influences  may  have  a bearing  on  its  causation  and 
increase  in  amount.  The  shape  of  the  head  itself  has  been  given  as 
a cause  of  astigmatism.  Landolt  {Refraction  and  Accommodation  of 
the  Eye,  p.  299)  is  strongly  of  this  opinion  and  states  that  even  the 
lower  degrees  of  astigmatism  are  often  accompanied  by  a.symmetry 
of  the  cranium,  which  is  probably  its  primary  cause.  He  cites  Snellen 
and  Wecker  in  support  of  his  opinion. 

Pressure  of  the  eye-lids  when  thickened  by  chalazia,  or  when  swollen 
from  other  causes,  may  produce  astigmatism  of  considerable  degree. 
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.50  to  1 D.  High  degrees  of  corneal  astigmatism  following  operations 
on  tlie  eyeball  are  of  common  occurrence;  as  after  cataract  extraction, 
iridectomy,  and,  at  times,  after  tenotomy  or  advancement  of  the  recti 
muscles.  Where  the  section  is  made  above,  as  in  cataract  extraction 
or  iridectomy,  the  vertical  meridian  of  the  cornea  is  rendered  flatter 
or  of  less  refractive  power  than  the  horizontal  meridian.  The  astig- 
matism “against  the  rule”  produced  in  this  way  may  amount  to  as 
much  as  20  D.  or  more  (Pflngst),  and  the  writer  has  observed  a case 
where  the  patient  accepted  for  permanent  wear  a + 11.50  D.  cyl. 

4 D.  sph. 

Landolt  has  reported  one  case  where  he  performed  an  iridectomy 
above  and  subsequently  one  below  on  the  same  eye,  which  produced  a 
corneal  astigmatism  against  the  rule  of  10  D.,  and  two  years  follow- 
ing the  operation  the  astigmatism  still  remained  at  4 D. 

Although  astigmatism  may  be  of  high  degree  shortly  after  opera- 
tions on  the  cornea,  it  usually  diminishes  rapidly  in  amount  and  may 
disappear  entirely.  Contraction  of  the  straight  muscles  (recti)  may 
produce  corneal  astigmatism  from  1 to  2 D.  The  writer  has  reported 
one  such  case  in  the  Manhattan  Eye  and  Ewr  Hos^tal  Reports,  Janu- 
ary, 1895,  where  the  patient  had  a corneal  astigmatism  with  the  rule, 
.50  D.,  which  he  could,  by  voluntary  action  of  the  recti  muscles,  in- 
crease to  2 D.  in  the  right  eye,  and  to  1.50  D.  in  the  left  eye.  When 
under  a cycloplegic  he  could  still  increase  the  astigmatism  in  the 
right  eye  to  1.50  D.,  and  in  the  left  to  1 D.  The  lids  were  held  from 
the  eyes  during  the  corneal  test  so  they  could  have  no  influence.  This 
might  be  called  a dynamic  corneal  astigmatism,  just  as  we  may  have 
a dynamic  lenticular  astigmatism,  caused  by  an  unequal  contraction 
of  the  ciliary  muscle. 

Tenotomy  of  the  straight  muscles  of  the  eye  has  resulted  in  so 
altering  the  shape  of  the  cornea  as  to  relieve  an  astigmatism  (Geo. 
F.  Bull)  ; and  Bull  suggested  operative  procedure  for  relieving  astig- 
matism. 

Ulcers  or  swellings  near  the  sclero-corneal  margin  may  cause  astig- 
matism, and  so  may  a thick  pterygium  by  traction  on  the  cornea. 
We  have  observed  such  ca.ses,  and  have  seen  the  corneal  astigmatism 
so  produced  almost  entirely  relieved  by  removal  of  the  pteiygium. 

Irregular  astigmatism.  Although  Bonders  claims  that  “on  the  lens 
depends  irregular  astigmatism,”  it  is  the  irregular  astigmatism  of 
the  cornea  that  most  concerns  us  in  every  day  practice.  Inasmuch 
as  the  irregular  form  is  acquired  in  the  vast  majority  of  cases  from 
inflammatory  processes  or  injury  the  relief  afforded  by  glasses  in 
both  the  corneal  and  lenticular  variety  is  not  so  marked  as  in  the 
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regular,  congenital  varieties,  though  in  some  cases  the  visual  im- 
provement is  considerable. 

Lenticular  astigmatism  may  be  regular  or  irregular,  and  the  regu- 
lar type  may  be  either  static  or  dynannic.  The  static  form  is  due  to 
inequality  of  the  refraction  of  the  posterior  surface  of  the  lens,  is  of 
small  amount  (usually  about  .50  D.,  but  may  reach  1.50  D.),  and  is 
against  the  ride  in  almost  every  case,  if  not  every  case.  Since  the 
introduction  of  Souter’s  ophthalmophakometer  (a  modification  of 
the  Javal-Schiotz  ophthalmometer)  as  a practical  office  instrument, 
the  measurement  of  lenticular  astigmatism  objectively  has  been  made 
practical  and  feasible.  Furthermore,  the  method  is  fairly  accurate 
in  its  measurements,  especially  as  regards  the  posterior  surface  of  the 
lens.  The  writer  has  used  the  instrument  in  several  hundred  cases 
and  can  attest  its  value. 

The  Solder  ophthalmophakameter  is  a modification  of  the  Javal- 
Schiotz  ophthalmometer;  or  as  Sou  ter  states,  “the  basis  of  his  ap- 
paratus is  the  Javal-Schiotz  ophthalmometer.  See  Ophthalmometer, 
p.  8926,  Vol.  XII  of  this  Encyclopedia.  Two  radical  changes  in  the 
construction  of  the  Javal  instrument  were  necessary  to  adapt  it  for 
measuring  the  two  surfaces  of  the  lens. 

Perhaps  it  is  best  to  quote  Souter  {Refraction  and  Motor  Mechan- 
ism- of  the  Eye,  1910)  as  to  the  nature  of  these  two  changes:  “The 
first  of  these  innovations  is  in  the  mires,  in  order  that  sufficient  il- 
lumination may  be  secured  for  the  lens  measurements.  The  opales- 
cent glass  is  made  readily  removable  by  means  of  a rotating  disc,  so 
that  in  measuring  the  lens  the  unshaded  filaments  of  two  small  elec- 
tric lamps  are  used  as  mires.  The  second  innovation  is  required  in 
order  to  adapt  the  instrument  to  the  great  variation  in  the  size  of 
the  images  as  formed  at  the  posterior  surface  of  the  lens  and  at  the 
anterior  surface  with  magnification  by  the  cornea.  We  must  provide 
for  a variation  in  radius  of  curvature  from  5 mm.  for  the  posterior 
surface  of  the  lens,  to  20  mm.  which  represents  the  apparent  radius 
when  the  actual  radius  of  the  anterior  surface  is  12  mm.  The  adapta- 
tion of  the  instrument  to  this  great  variation  of  curvature  is  ac- 
complished by  making  the  objective  and  the  prism  movable  in  the 
tube  of  the  telescope.  By  varying  in  this  way  the  relative  size  of  the 
image  at  the  eye-piece  as  compared  with  the  actual  image  under 
measurement  the  images  formed  at  all  three  surfaces  can  be  meas- 
ured. The  required  movement  of  the  objective  is  not  so  great  as  to 
mar  the  sharpness  of  the  images  because  of  divergence  or  of  con- 
vergence of  the  rays  as  they  traverse  the  prism.” 

The  instrument  of  Souter  can,  therefore,  be  used  as  an  ordinary 
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ophthalmometer;  or,  by  shifting  the  position  of  the  objective  and 
the  prism  in  the  telescope  (which  are  fixed  in  a collar  within  the 
tube  and  can  be  easily  and  instantly  moved)  and  by  exposing  the 
circular  electric  filaments  in  the  mires  by  removing  the  opalescent 
glass  from  the  front  surface,  the  curvature  of  the  posterior  surface 
of  the  lens  can  readily  and  accurately  be  measured.  It  is  only  with 
difficulty,  however,  that  the  front  surface  of  the  lens  can  be  meas- 
ured and  then  only  with  the  pupil  widely  dilated  and  with  patients 
that  are  cooperative.  However,  as  8outer  has  pointed  out,  after 
having  made  measurements  of  the  anterior  lens  surface  in  numerous 
patients,  it  will  be  found  that  observation  of  this  surface  does  not 
contribute  but  in  a slight  measure  to  measurement  of  the  total  as- 
tigmia  of  the  eye,  and  may  in  the  majority  of  cases  be  neglected. 

Properly  to  use  the  ophthalmophakometer,  some  personal  instruc- 
tion should  be  had.  After  using  the  instrument  for  a number  of 
years,  the  writer  can  testify  to  the  practical  value  of  it,  as  it  adds 
one  more  objective  test  for  measuring  astigmia,  and  brings  into  nearer 
agreement  the  total  astigmia  as  measured  by  other  objective  tests 
(keratometry,  phakometry  and  retinoscopy) . The  writer  fully  in- 
dorses Souter’s  statement,  “Assuming  that  the  cornea  has  been  prop- 
erly measured  in  the  axis  of  vision,  and  that  undue  pressure  by  the 
lids  has  not  been  made  on  the  eye  under  observation,  I estimate  that 
the  subjective  astigmia,  within  .25  D.,  can  be  obtained  from  the  two 
usual  measurements,  that  is,  from  the  measurement  of  the  cornea 
and  the  posterior  surface  of  the  lens,  in  at  least  90  per  cent,  of  the 
cases  examined.” 

Souter  {Pray  Prize  Essay)  had  used  the  instrument  on  more  than 
3,000  cases  when  he  reported  his  results. 

Regarding  the  frequency  of  lenticular  astigmatism,  he  states:  “In 
frequency  of  occurrence  astigmia  of  the  posterior  lenticular  surface 
equals  corneal  astigmia.  The  asymmetry  of  the  former  surface  is  no 
less  than  that  of  the  cornea,  but,  owing  to  the  comparatively  small 
refractive  action  of  the  lenticular  surface  the  resulting  astigmia  does 
not  reach  the  high  degree  that  occurs  at  the  cornea.”  The  highest 
degree  of  astigmia  he  observed  at  the  posterior  surface  of  the  lens  was 
1.50  D.  and  rarely  did  he  find  as  much  as  1 D.  The  astigmatism  at 
the  posterior  surface  of  the  lens  he  found  to  be  always  against  the 
rule.  Such  has  also  been  the  writer’s  experience.  For  the  measure- 
ment of  the  static  refraction  of  the  anterior  surface  of  the  lens  the 
eye  must  be  thoroughly  under  the  influence  of  a cycloplegic.  Souter 
found  that  it  never  exceeded  .75  D.  and  rarely  amounted  to  as  much 
as  .25  D.,  and  says  that  “We  may  neglect  the  measurement  of  this 
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surface  as  an  ordinary  procedure,  and  yet  have  in  ophthalmometry 
a method  of  examination  sufficiently  accurate  to  till  the  requirements 
of  an  objective  test,  ’ ’ 

Souter  also  found  that  the  meridian  of  shortest  (strongest  refrac- 
tion) curvature  of  the  anterior  surface  of  the  lens,  like  that  of  the 
cornea,  is  usually  the  vertical.  Furthermore,  when  he  did  find  astig- 
mia  in  this  situation  it  always  otfset  an  opposite  astigmia  at  the  pos- 
terior surface,  “so  that  in  these  cases  the  subjective  error  more  nearly 
agreed  with  the  record  obtained  from  keratometry  alone  than  with  ^ 
keratometry  combined  with  phakometry  of  the  posterior  surface.  ’ ’ On 
the  other  hand,  if  the  posterior  surface  is  symmetrical  he  regards  it 
as  positive  evidence  that  the  anterior  surface  is  symmetrical.  We 
see,  therefore,  that  Souter  practically  eliminates  the  anterior  surface 
of  the  lens  as  a factor  in  the  causation  of  static  astigmatism. 

Commenting  on  the  fact  that  in  the  astigmatism  of  the  posterior 
surface  of  the  lens  the  horizontal  meridian  is  always  more  curved  than 
the  vertical,  he  accounts  for  it  by  the  pressure  of  the  external  recti 
muscles  on  the  globe  of  the  eye  during  convergence.  “It  does  not 
seem  unreasonable,”  he  remarks,  “to  suppose  that  the  prolonged 
pressure  by  these  muscles  upon  the  eyeball  may  have  some  effect  upon 
moulding  the  shape  of  the  lens.” 

This  author  also  conjectures,  as  will  later  be  shown,  that  this  astig- 
matism of  the  posterior  surface  of  lens  generally  neutralizes  some 
or  all  of  a corneal  astigmatism  in  the  opposite  direction,  and  this 
accounts  for  the  discrepancy  in  subjective  tests  and  for  observed  dif- 
ferences between  objective  measurements  and  the  results  of  subjec- 
tive tests.  Now  that  we  have  instruments  that  accurately  measure 
objectively  the  curvature  of  the  posterior  surface  of  the  lens  and  the 
anterior  surface  of  the  cornea,  we  are  able,  by  adding  or  subtracting 
the  results  of  these  measurements,  to  calculate  with  precision  the  total 
corneo-lenticular  astigmia. 

It  must  be  admitted,  of  course,  that  the  posterior  surface  of  the  cor- 
nea may  modify  the  result  to  some  extent,  also  that  a possible  tilting 
of  the  lens  itself  may  play  a part  in  producing  astigmatism ; yet  it  is 
with  the  anterior  surface  of  the  cornea  and  the  posterior  surface  of 
the  lens  that  we  are  most  concerned  when  estimating  the  total  astig- 
matism. In  this  connection  Souter  claims  that  it  requires  a lens  tilt- 
ing of  ten  degrees  to  produce  .50  D.  of  astigmatism,  and  that,  as  a 
rule,  only  about  two  to  five  degrees  of  tilting  is  found,  producing  not 
more  than  .12  D.  of  astigmatism,  an  amount  so  small  as  not  to  be 
taken  into  consideration. 

Dynamic  lenticular  astigmatism.  Dobrowolsky  {Arch,  fiir  Ophth. 
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XIX,  111,  p.  51,  1868)  first  called  attention  to  the  possibility  of  a 
di/Httniic  lenticular  astiginatisin.  lie  claimed  that  by  an  iriegulai 
contraction  of  the  ciliary  muscle  the  lens  expands  in  an  uneven  way  1?o 
produce  an  astigmatic  surface ; and  that  the  astigmatism  so  produced 
neutralizes  to  that  extent  the  corneal  astigmatism.  This  theory  also 
assumes  that  the  corneal  and  lenticular  astigmatism  is  approximately 
in  the  same  meridian. 

The  presence  of  such  an  astigmatism  in  the  lens  was  asserted 
largely  because  in  some  instances  after  an  eye  had  been  placed  under 
a cycloplegie,  the  patient  would  accept  a cylindrical  glass  which  he 
did  not  accept  previously,  or  that  a stronger  cylindrical  lens  would 
be  accepted  than  had  been  accepted  before.  In  other  words,  a latent 
lenticular  astigmatism  was  assumed,  which  was  made  manifest  by  the 
instillation  of  a cycloplegie. 

Weeks  {Diseases  of  the  Eye,  p.  649)  says  on  this  subject:  “In 
some  cases  the  dynamic  (lenticular)  astigmia  is  so  persistent  that  but 
part  of  it  is  manifest  at  first,  the  latent  portion  becoming  manifest 
only  after  the  patient  has  worn  the  correction  for  some  time.'’ 

Dobrowolsky  was  supported  in  his  contention  by  such  men  as 
Mauthner,  Javal,  Schibtz,  Vacher,  Martin,  Landolt  and  others.  Lam- 
dolt  thinks  that:  “This  astigmatism  of  the  crystalline,  the  inverse 
of  that  of  the  cornea,  is  oftenest  what  might  be  termed  active  or 
dynamic  astigmatism.  It  is  due  to  an  unequal  contraction  of  the 
ciliary  muscle,  which  causes  the  lens  to  become  more  convex  in  one 
direction  than  in  another,  and  for  the  very  purpose  of  correcting 
a corneal  astigmatism.”  Opposed  to  this  view  of  dynamic  lenticular 
astigmatism  are  Sulzer,  George  Bull,  Tscherning,  and  others. 

Although  at  one  time  the  writer  was  of  the  opinion  that  dynamic 
lenticular  astigmatism  plays  an  important  part  in  the  neutralization 
of  corneal  astigmatism  he  no  longer  holds  that  view.  This  change  of 
an  opinion  has  been  brought  about  by  the  use  of  the  Souter  ophthal- 
mophakometer. 

Souter  (loco  cit.)  believes  that  “The  reason  why  noteworthy  astig- 
mia i.s  so  much  more  frequently  found  in  the  posterior  lenticulai  sur- 
face than  in  the  anterior  surface  doubtless  lies  in  the  greater  curva- 
ture of  the  former  surface,  though  it  is  not  improbable  that  theie  may 
be  other  factors.” 

Tscherning  does  not  accept  the  theory  that  a congenital  corneal 
astigmatism  is  often  neutralized  by  a similar  lenticular  anomaly  and 
bases  his  objections  to  it  on  two  grounds : first,  that  the  discrepancy 
between  the  corneal  and  the  total  astigmatism  may  be  accounted  for 
by  the  difference  in  the  extent  of  the  corneal  surface  that  is  brought 
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under  measurement.  With  a small  pupil  only  a small  area  on  the 
cornea,  3 to  4 millimeters  in  diameter  is  measured,  while  with  a large 
pupil  an  area  of  7 or  8 millimeters  comes  under  measurement.  This 
point  will  be  further  discussed  under  a later  sub-section. 

A.  Javal  thinks  that  “The  posterior  surface  of  the  cornea  is  found 
to  diminish  in  curvature  from  the  center  towards  the  periphery,  as 
in  the  case  of  the  anterior  surface,  and  in  eases  of  corneal  asymmetry 
it  appears  also,  as  might  be  expected,  to  follow  the  asymmetry  of  the 
anterior  surface.  As  a concave  lens  of  asymmetrical  curvature,  the 
effect  of  the  cornea  is,  therefore,  to  compensate  in  some  degree  the 
astigmatism  of  the  anterior  corneal  surface  as  measured  by  the  oph- 
thalmometer. 

“The  maximum  compensation  due  to  this  cause,  so  far  as  has  been 
observed,  is  about  ID.  (as  estimated  for  an  eye  in  which  the  total 
astigmatism  measured  about  6 D.).” 

From  the  foregoing,  we  see,  in  considering  the  total  astigmatism 
of  the  eye,  that  a regular  lenticular  astigmatism  must  be  taken  into 
account  in  most  cases;  and  further,  that  it  is  the  static  astigmatism 
of  the  posterior  surface  of  the  lens  and  not  the  dynamic  astigmatism 
of  the  anterior  surface  (except  in  rare  cases)  that  must  be  reckoned 
with.  It  must  be  noted  also  that  the  posterior  surface  of  the  cornea 
may  be  a factor  in  the  sum  of  the  total  astigmatism,  as  pointed  out 
by  both  Javal  and  Tscheming. 

Irregular  lenticular  astigmatism.  Bonders  finds  that:  “On  the 
lens  depends  irregular  astigmatism;  to  it  poi3’’opia  uniocularis,  to  it 
the  rays  of  the  diffusion  images  of  a point  of  light  owe  their  origin. 
The  direct  proof  of  this  is  furnished  by  the  fact  that  in  aphakia,  when 
the  lens  is  wholly  absent  from  the  eye,  all  these  phenomena  are  re- 
moved. ’ ’ 

Lenticular  opacities,  as  in  beginning  cataract,  may  cause  irregular 
astigmatism.  This  is  due  to  the  different  sections  of  the  lens  becom- 
ing unequally  swollen  or  distorted,  so  that  diplopia  or  even  polyopia 
for  one  eye  is  often  brought  about.  Lenticonus,  posterior  and  ante- 
rior, produces  irregular  lentieular  astigmatism,  though  such  cases, 
especially  of  lenticonus  anterior,  are  extremely  rare. 

CHAPTER  n. 

ACCOMMODATION  OF  THE  EYE. 

Again  it  may  be  stated  that  the  eye  has  often  been  likened  to  a 
camera,  and  in  many  respects  this  comparison  holds  true,  as  having 
in  common  a darkened  ehamber,  an  aperture  at  the  front  variable  in 
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size  for  the  admission  of  light,  refracting  surfaces,  for  focussing  the 
light,  and  a sensitive  layer  or  plate  for  the  reception  of  the  images  of 
objects.  The  one  marked  difference  between  the  eye  and  a camera 
lies  in  the  different  method  or  mechanism  of  bringing  rays  of  light 
from  objects  situated  at  varying  distances  in  front  of  it  to  an  exact 
focus  on  its  sensitive  plate,  the  retina,  which  is  in  direct  contrast 
with  the  method  pursued  in  adjusting  the  plate  of  a camera  for  ob- 
jects situated  at  different  distances  from  it.  In  the  camera  the  plate 
itself  (the  posterior  part  of  the  instrument)  is  moved  forward  or 
backward,  according  to  the  distance  or  nearness  of  the  object,  in 
order  to  obtain  a clear  image  of  the  object  on  the  plate.  In  the  eye 
it  is  obvious  that  the  plate  or  retina  cannot  be  moved  backward  or 
forward,  and  consequently  another  mechanism  is  brought  into  use 
to  secure  clear-cut  images  on  its  surface;  and  it  is  this  power  pos- 
sessed by  the  eye,  which  enables  it  to  focus  images  of  objects  (situ- 
ated at  varying  distances  in  front  of  it),  correctly  on  its  layer  of 
rods  and  cones,  that  is  known  as  the  accommodation  of  the  eye.  This 
adjustment  is  brought  about  by  an  increase  in  the  convexity  of  the 
anterior  surface  of  the  crystalline  lens  with  slight  advancement  of  its 
surface,  and  a very  slight  increase  in  the  convexity  of  the  posterior 
surface  of  the  lens.  That  such  changes  do  take  place  in  the  lens  has 
been  conclusively  proven.  The  rileans  or  mechanism  by  which  these 
changes  in  the  lens,  and  the  other  accompanying  phenomena  of  accom- 
modation, are  brought  about,  has  been  the  subject  of  many  theories 
and  endless  discussions.  It  was  not  until  1867,  when  Helmholtz  pro- 
pounded his  theory  of  the  mechanism  of  the  accommodation  of  the 
eye,  that  a satisfactory  explanation  was  forthcoming.  Even  this  ex- 
planation has  been  questioned  by  some  investigators,  so  great  an  au- 
thority as  Tscherning  (of  whose  theory  we  shall  speak  later)  taking 
issue  with  it. 

Histoi'ical.  Space  does  not  permit  a review  of  the  many  theories  of 
the  mechanism  of  accommodation,  but  it  may  be  said  that  the  first 
to  give  a somewhat  feasible  explanation  of  the  mechanism  of  accom- 
modation was  Kepler,  who  advanced  the  theory  that  the  crystalline 
lens  was  projected  forward  during  the  act  of  accommodation.  To 
Descartes  (Landolt,  Refraction  and  Accommodation  of  the  Eye,  p. 
149)  belongs  the  credit  of  suggesting  an  increased  curvature  or  con- 
vexity of  the  lens  during  accommodation.  Landolt  says  that  “The 
first  to  ascribe  this  variation  in  the  refraction  of  the  eye  to  a change 
in  the  form  of  the  crystalline  lens  seems  to  have  been  the  Jesuit, 
Scheiner  (1619).”  Following  Scheiner  in  chronological  order  Lan- 
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dolt  places  Descartes  (1637),  Pemberton  (1710),  Camper  (1746)  and 
Hunter  (1794). 

Increase  in  convexity  of  the  cornea  and  increase  in  the  length  of 
the  eyeball  itself  have  each  been  claimed  to  explain  the  mechanism  of 
accommodation.  Arlt  was  of  the  opinion  that  the  eye  was  lengthened 
by  the  action  of  the  extrinsic  muscles.  Numerous  other  hypotheses 
were  advanced  to  account  for  this  phenomenon,  but  it  was  not  until 
1801,  when  Thomas  Young  {Philosophical  Transactions,  Vol.  XCII, 
p.  23,  1801)  made  actual  demonstrations  of  changes  in  the  curvature 
of  the  surfaces  of  the  crystalline  lens,  during  the  act  of  accommoda- 
tion, that  any  real  proof  a.s  to  the  nature  of  the  mechanism  of  the 
accommodation  was  brought  to  light.  Tscherniiig  says  that  Young 
first  demonstrated  that  accommodation  was  effected  by  an  increase  of 
the  lens  surfaces  and  had  more  exact  ideas  on  what  happened  during 
accommodation  than  observers  of  our  own  time. 

At  this  date  the  ciliary  muscle  had  not  been  discovered,  and  Young 
attributed  the  change  of  fonn  in  the  lens  to  the  contractility  of  the 
lens  fibres  themselves.  Although  Young  brought  positive  demonstra- 
tion to  the  support  of  his  theory  of  accommodation  it  attracted  at  the 
time  little  notice.  The  reason  for  this,  according  to  Bonders,  is  that 
“Physiologists,  not  being  acquainted  with  any  muscular  elements  in 
the  eye,  could  scarcely  imagine  by  what  mechanism  the  crystalline 
lens  could  change  its  form,  and  they  were  little  inclined  to  believe 
with  Young  in  the  contractibility  of  the  fibres  of  the  lens.” 

Purkinje  advanced  a step  when  he  discovered  his  catoptric  images 
(see  p.  1784,  Vol.  Ill  of  this  Encyclopedia-)  in  1823.  However,  it 
remained  for  ^Maximilian  Langenbeck  {Klin.  Beitrdge  aus  d.  Gebiet 
d.  Chir.  u.  OphthaL,  Gottingen,  1849)  and  Bonders  to  make  use  of 
these  images  in  further  solution  of  this  question.  Finally,  Cramer 
studied  the  Purkinje  images  under  magnification,  with  an  instru- 
ment which  he  at  first  called  an  “ophthalmoscope,”  but  which  Don 
ders  later  modified  and  called  a phacoidoseope.  Cramer’s  instru- 
ment magnified  the  images  so  that  they  could  be  seen  clearly  and 
could  be  accurately  measured ; and  demonstrated  in  a definite  man- 
ner that  the  image  from  the  anterior  surface  of  the  lens  changes  in 
size  (becoming  smaller)  and  in  position  (drawing  nearer  to  the  im- 
age from  the  cornea)  when  in  accommodation  for  the  near  point. 
Helmholtz,  subsequently,  made  the  same  observations,  and  in  addi- 
tion he  observed  that  the  images  from  the  posterior  surface  of  the 
lens  become  slightly  smaller  in  accommodation,  and  that  its  surface 
becomes  slightly  more  convex,  though  it  does  not  move  forward  as 
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does  the  anterior  surface  of  the  lens,  since  the  image  does  not  change 
positio-n. 

That  one  may  see  the  Purkinje  catoptric  images  to  best  advan- 
tage, the  observer  should  hold  a light  at  an  angle  of  about  30  de- 
grees with  the  optic  axis  on  one  side  while  he  takes  his  position  of 
observation  at  an  angle  of  the  same  number  of  degi’ees  on  the  other 
side.  If  the  images  are  magnified,  as  in  the  phacoidoscope,  their  rela- 
tive size  and  position  can  be  studied  to  the  best  advantage. 

In  Fig.  4 are  shown  the  size  and  position  of  the  images  when  the 
eye  is  in  a state  of  rest  and  again  when  in  the  act  of  accommoda- 
tion B.  In  each  half  of  the  figure,  a is  the  image  from  the  cornea,  b 
from  the  anterior  surface,  and  c from  the  posterior  surface  of  the 
lens.  It  is  seen  that  a is  the  brightest,  because  the  cornea  separates 
a medium  of  rare  index  of  refraction  (the  air)  from  a denser  me- 
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Fig.  4.  Catoptric  Images. 

A position  of  the  images  when  the  eye  is  accommodated  for  distant  objects; 
B position  of  the  images  when  accommodated  for  near  objects ; a,  corneal  image ; 
h,  image  from  the  anterior  surface  of  the  lens;  c,  image  from  the  posterior  sur- 
face of  the  lens.  (After  Helmholtz.) 


dium,  the  aqueous.  The  images  from  the  lens  surfaces  are  dimmer 
because  the  lens  separates  media  of  the  same  density  (the  aqueous 
and  vitreous)  that  have  an  index  of  refraction  not  greatly  differing 
from  the  lens  itself. 

The  image  from  the  cornea  is  smaller  than  the  image  b from  the 
anterior  surface  of  the  lens  because  the  cornea  has  a shorter  radius 
of  curvature  (and  consequently  a more  convex  curvature)  than  has 
the  anterior  surface  nf  the  lens;  wliile  it  is  larger  than  the  image 
from  the  posterior  surface  of  the  lens,  because  it  has  a longei  radius 
of  curvature  (conseciuently  a less  convexity)  than  has  the  posteiior 
surface  of  the  lens.  In  the  act  of  accommodation  the  image  from  the 
cornea  remains  stationary,  while  the  image  from  the  anterior  sur- 
face of  the  lens  becomes  smaller  and  approaches  that  of  the  cornea. 
Helmholtz  independently  made  the  further  observation  that  the  small 
image  c from  the  posterior  surface  of  the  lens  became  slightly  smaller 
in  accommodation,  thougb  it  did  not  change  position.  Ihc  schc- 
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matic  Fig.  5 demonstrates  how  this  change  in  the  size  and  position 
of  the  image  from  the  anterior  surface  of  the  lens  takes  place. 

A A'  is  the  axis  of  the  cornea,  with  which  we  here  assume  that 
the  axis  of  the  lens  L coincides.  The  lens  is  drawn  in  a double  form, 
namely,  with  continuous  lines  in  the  form  of  accommodation  for  dis- 
tant, and  with  dotted  lines  in  the  form  of  accommodation  for  near 
objects.  At  / is  a flame;  at  o the  eye  of  the  observer.  These  two 
are  so  placed  that  lines  proceeding  from  them  cut  each  point  of  the 
axis  at  similar  angles.  Therefore,  the  rays  thrown  back  by  the  re- 


flecting surfaces  of  the  observed  eye,  where  these  changes  are  cut 
by  the  axis,  reach  the  eye  of  the  observer. 

The  reflecting  image  of  the  cornea  is  consequently  seen  in  the  di- 
rection 0 1,  and  (disregarding  refraction  on  surfaces  situated  in 
front)  that  of  the  anterior  surface  of  the  lens  in  the  direction  0 2, 
that  of  the  posterior  surface  in  the  direction  of  0 3.  Projected  on 
the  surface  1 1',  they  appear  close  to  one  another  as  aj  h,  and  c (com- 
pare also  Fig.  4,  A).  If  now  the  anterior  surface  of  the  lens  ad- 
vances to  the  dotted  line,  the  second  image  is  seen  in  the  direction 
0 2',  and  is  therefore  projected  on  the  surface  1 1',  and  V ; it  has  con- 
sequently approached  the  reflex  image  a of  the  cornea  (compare  the 
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preceding  figure  4 B).  From  this  change  of  place,  which  is  easily 
observed,  we  therefore  infer  that,  in  accommodation  for  near  objects 
the  anterior  surface  of  the  lens  approaches  the  cornea.  It  is,  indeed, 
true  that  we  do  not  see  the  images  5 and  &'  exactly  in  the  direction 
of  the  point  where  the  axis  cuts  the  surface  of  the  lens,  because  both 
the  incident  and  the  reflected  ray  is  refracted  by  the  cornea  in  front. 
But  in  consequence  of  the  symmetrical  position  of  the  eye  0,  and  the 
flame  /,  with  respect  to  the  axis,  the  deviations  so  produced  are 
equally  great  on  both  sides,  and  the  above  inference,  therefore,  re- 
mains quite  correct.  If  we  determine  the  direction  of  the  radius  of 
the  cornea  in  this  place,  where  the  ray. reflected  on  the  anterior  sur- 
face of  the  lens  enters  and  leaves  the  latter,  we  can,  from  the  dis- 
tance between  the  images  a and  6 and  a and  calculate  the  distance 
from  the  anterior  surface  of  the  lens  to  the  cornea. 


A 


Fig.  6.  Centripetal  Movement  of  the  Catoptric  Image  of  the  Anterior  Surface 
of  the  Crystalline  Lens  During  Accommodation.  (After  Tscherning.) 


Tscherning  {Physiologic  Optics,  1900)  gives  a somewhat  different 
schematic  figure  (Pig.  6)  to  show  the  change  in  position  of  the  image 
from  the  anterior  surface  of  the  lens  in  accommodation  (which  he 
designates  as  a centripetal  movement)  in  which  the  anterior  surface 
of  the  lens  is  not  represented  as  moving  forward.  The  following  is 
his  own  description  of  the  figure:  “Let  ABD  be  the  surface  in  a 
state  of  repose  and  C its  center;  AlBDl  the  surface  in  a state  of 
accommodation  and  Cl  its  center;  0 an  object  (a  lamp  placed  at  a 
great  distance).  To  find  the  position  of  the  image,  we  draw  OC 
(OCl)  (supposing  that  these  are  the  apparent  surfaces  we  need  not 
take  into  account  the  corneal  refraction).  The  image  must  be  on 
this  straight  line,  at  an  equal  distance  between  the  surface  and  the 
center,  at  1 for  the  surface  in  repose,  at  1'  for  the  surface  in  a state 
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of  accommodation.  The  observing  eye  sees  the  images  projected  in 
the  pupillary  plane,  it  sees  I at  i and  I'  at  i' ; it  sees  the  image,  there- 
fore, make  a centripetal  movement  during  accommodation.  It  is 
the  same,  whatever  may  be  the  position  of  the  observing  eye;  there 
is  only  one  point  where  it  does  not  see  motion,  viz.,  when  it  is  on  the 
prolongation  of  the  line  II' : in  this  case  the  two  images  I and  I' 
overlap,  and  there  is  no  apparent  displacement.  The  line  II'  passes 
through  the  point  B,  the  place  where  the  two  surfaces  touch.  This 
point  B,  towards  which  the  apparent  movement  of  the  image  takes 
place,  whatever  may  be  its  position  in  the  pupil,  is  usually  situated 
a little  outside  the  center  of  the  latter;  generally  it  is  found  almost 
on  the  optic  axis  of  the  eye.” 

Tscherning  adds:  **But,  as  the  thickness  of  the  crystalline  lens 
is  only  4 mm.  an  error  of  half  a millimeter  presents  a vast  impor- 
tance. The  much  disputed  question  whether  the  crystalline  lens 
changes  its  thickness  during  accommodation  can  with  difficulty  be 
decided  by  the  observation  of  the  crystalline  images,  for  the  alleged 
change  (an  increase  of  0.4  mm.)  does  not  exceed  the  limit  of  error.” 

However,  Helmholtz’s  theory  of  accommodation  has  been  gener- 
ally accepted,  and  it  is  all  but  universally  agreed  that  the  changes 
which  take  place  in  the  eye  during  accommodation  for  near  objects 

are:  (1)  The  anterior  surface  of  the  lens  becomes  more  convex  and 

advances  slightly  towards  the  cornea;  (2)  the  posterior  surface  of 
the  lens  becomes  slightly  more  convex,  but  does  not  change  position. 
These  changes  in  the  crystalline  lens  are  commonly  believed  suffi- 
cient to  account  for  all  the  accommodation  of  which  the  eye  is  capable, 
as  H.  Knapp  {Arch.  f.  Ophthalm.,  VI,  2,  p.  1,  1860)  by  the  measure- 
ments he  made  in  four  eyes  and  the  calculation  therefrom  has  fully 
demonstrated. 

Helmholtz  made  similar  observations  later  and  also  measured  the 
dead  crystalline  lens  in  support  of  his  theory  of  accommodation.  Bon- 
ders, entirely  convinced  by  the  accuracy  of  Knapp’s  measurements 
and  conclusions,  also  held  that  besides  the  changes  which  take  place 
in  the  lens  no  others  occur  in  the  dioptric  system  in  accommodation. 
He  states  further,  “I  have  satified  myself  that  where  the  crystalline 
lens  is  absent,  even  in  young  people,  not  the  slightest  trac^  of  accom- 
modative power  remains.”  (With  this  latter  statement  of  Bonders,  we 
must  take  issue.  In  common  with  others  the  winter  {Manhattan  Eye 
and  Ear  Hospital  Reports,  Jan.,  1895)  has  observed  accommodation 
in  the  lenseless  eye.  One  such  case,  in  an  aged  man,  was  reported  at 
length  and  demonstrated  to  others.  Briefly  the  case  is  as  follows: 
An  eye  had  a small  oblong  pupil,  about  2 mm.  in  its  narrower  diameter, 
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while  the  remainder  of  the  pupil,  after  the  extraction  of  cataract,  was 
blocked  by  a membrane.  All  the  diffraction  rays  were  cut  off  in  this 
way  and  allowed  the  light  that  entered  the  eye  to  come  to  a fairly 
well  defined  focus  on  the  retina.  When  one  considers  that  the  images 
so  formed  are  about  larger  than  in  the  normal  eye  it  will  be  under- 
stood how  this  patient  was  able  to  read  fine  print  at  eight  inches  with 
his  distance  glasses,  and  without  moving  the  latter  in  any  way.  Since 
the  above  was  written  the  author  has  encountered  another  case  of  ap- 
parent accommodation  in  a patient  aged  73,  following  cataract  extrac- 
tion. The  pupil  was  oval  lyn  x 2i^  mm.,  and  the  patient,  with  her  dis- 
tance glass  without  change  of  position,  read  Jaeger  No.  1,  at  7 inches 
easil3^ 

The  mechanism  of  accommodation. 

Although  the  experiments  of  Young,  Langenbeck,  Bonders,  Knapp, 
Cramer,  Helmholtz  and  others  definitely  settled  the  character  of  the 
changes  w'hich  take  place  in  the  crystalline  lens  when  the  eye  was 
accommodated  for  near  objects,  no  satisfactory  explanation  as  to  how 
these  changes  were  brought  about  was  forthcoming  until  Helmholtz 
{Handbnch  der  physiologischen  Optik,  p.  110)  gave  to  the  world  his 
celebrated  theory.  This  theory  briefly  is  as  follows:  When  the 
eye  is  at  rest  the  fibres  of  the  zonula  of  Zinn  (see  p.  381,  Vol.  I of 
this  Encyclopedia)  are  stretched,  their  traction  on  the  lens  capsule 
flattens  the  lens  and  the  eye  is  adjusted  for  its  distant  point  of  vision, 
or  punctum  remotum.  When,  however,  the  ciliary  fibres,  having 
their  origin  near  the  sclero-corneal  junction,  contract,  the  choroid 
is  drawn  fonvard,  the  ciliary  body  is  thickened,  the  zonular  fibres 
are  relaxed  and  the  tension  being  removed  from  the  lens  capsule 
the  lens  expands  through  its  own  elasticity,  its  surfaces  become  more 
eon  vex  and  it  approaches  a more  spherical  form.  The  anterior  sur- 
face of  the  lens  at  the  same  time  moves  slightly  forward  (the  posterior 
surface  remaining  stationary)  while  the  pupil  contracts  slightly, 
with  some  recession  of  the  iris  at  the  iris  angle.  These  are  the  changes 
embraced  in  the  act  of  accommodation  or  adjustment  of  the  eye  for 
near  objects. 

The  neare.st  point  to  which  the  eye  can  adjust  itself  is  called  punc- 
ium  proximum ; and  the  distance  between  the  far  point  and  the  near 
l)oint  is  called  the  region  of  accommodation. 

The  difference  iji  the  refractive  power  of  the  eye  when  adjusted 
for  the  near  point  (p.p.)  and  when  adjusted  for  the  remote  point 
(p.r.)  is  designated  the  range  or  amplitude  of  accommodation. 
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The  theory  of  the  mechanism  of  accommodation  advanced  by  Helm- 
holtz was  strengthened  by  the  investigations  of  Hensen  and  Voel- 
kers  {ExperimentdLuntersuchungen  uher  den  Mechamsmus  der  Ac- 
commodation, Kiel,  1868;  also  Arch,  fiir  OpMhal,  XIX,  1,  1873). 
These  investigators  experimented  on  dogs,  cats,  and  on  the  human 
eye  just  after  its  removal.  They  exposed  the  ciliary  ganglion  in 
the  eyes  of  animals,  then  stuck  fine  needles  through  the  sclera  into 
the  choroid  near  the  region  of  the  ora  serrata.  On  stimulating  the 
exposed  ciliary  nerves  by  electricity  the  free  ends  of  the  needles  were 
seen  to  move  backward,  showing  that  the  choroid  was  drawn  forward. 
Further,  they  introduced  two  needles  into  one  eye,  the  point  of  one 
touching  the  anterior  surface,  the  point  of  the  other  needle  touching 
the  posterior  surface  of  the  lens;  on  applying  the  electric  current  to 
the  ciliary  ganglion  the  free  extremities  of  the  needles  approached 
each  other,  the  anterior  needle  moving  much  more  decidedly  than 
the  posterior,  thus  proving  that  the  lens  becomes  thicker  during  the 
act  of  accommodation.  These  investigators  also  observed  directly 
the  action  of  the  ciliary  muscle  by  removing  a small  section  of  the 
sclera  near  the  sclero-comeal  margin.  Other  phenomena  observed 
during  the  electric  stimulation  of  the  ciliary  ganglion  were  a marked 
contraction  of  the  pupil,  that  the  pupillary  margin  of  the  ins  was 
advanced,  and  that  the  peripheral  border  of  the  ins  was  retracted. 
The  observations  of  Coccius  and  Hjort  also  tended  to  strengthen 
Helmholtz’s  theory.  Coccius  made  his  observations  in  eyes  upon 
which  large  iridectomies  had  been  performed,  while  Hjort  made  his 
in  a case  of  traumatic  aniridia.  Both  these  investigators  found  dur- 
ing accommodation  that  the  ciliary  processes  advance  and  increase 
somewhat  in  bulk,  and  that  the  equatorial  rim  of  the  lens  becomes 

a little  broader. 

Coccius  was  also  of  the  opinion  that  the  space  between  the  ciliarj’- 
processes  and  the  edge  of  the  lens  becomes  a little  wider.  Another 
phenomenon,  which  accords  with  Helmholtz’s  theory,  is  the  so-called 
accommodation-phosphene  of  Czermak  and  Purkinje.  During  the 
act  of  accommodation  and  at  its  termination,  when  the  ciliary  muscle 
relaxes,  there  may  be  observed  in  a darkened  room  a kind  of  halo 
at  the  periphery  of  the  field  of  vision,  which  shows  that  the  retina 
corresponding  to  that  part  of  the  field  has  been  irritated  or  had 
traction  placed  on  it. 

Tscherning  (Physiologic  Optics)  has  advanced  a theory  of  his  j 
own.  In  the  author’s  own  words,  ^^accommodation  is  affected  hy  ' 
the  temporary  formation  of  an  anterior  lenticonus.’^  He  claims  that  « 
this  condition  of  the  anterior  surface  of  the  lens  is  brought  about 
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by  a tension  or  traction  on  the  zone  of  Zinn,  which  in  turn  puts  a 
tension  on  the  capsule  of  the  lens  and  this  traction  on  the  capsule 
increases  the  convexity  of  the  surfaces  of  the  lens  at  the  middle  while 
flattening  them  towards  the  periphery,  the  anterior  surface  assuming 
the  shape  of  a flattened  hyperboloid.  This  condition  is  supposed  to 
be  brought  about  by  actual  compression.  It  will  be  seen  that  this 
theory  is  in  direct  opposition  to  that  of  Helmholtz,  which  latter  as- 
sumes that  in  accommodation  the  zonule  of  Zinn  is  relaxed,  and 
that  the  pressure  being  taken  off  the  capsule,  the  lens  expands  of 
its  own  elasticity  and  its  surfaces  become  more  curved,  especially 
the  anterior  surface.  That  is,  Tscherning’s  theory  assumes  compres- 
sion, while  Helmholtz’s  rests  on  the  elasticity  of  the  lens.  See, 
also,  the  corresponding  sub-head  under  Physiological  optics,  in  this 
Encyclopedia. 


CHAPTER  HI. 

CONVERGENCE. 

When  looking  at  an  object  in  the  distance  (infinity)  with  the  visual 
lines  of  the  eyes  parallel  the  image  of  the  object  falls  on  correspond- 
ing points  in  the  two  eyes,  and  are  perceived  at  the  visual  center  in 
the  brain  as  a single  image.  This  is  termed  binocular  single  vision 
and  also  binocular  fixation.  When  an  object  is  seen  singly  by  the 
two  eyes  at  any  point  nearer  than  infinity  the  visual  lines  must  be 
turned  inward  or  converged  to  an  equal  degree,  and  this  function  is 
designated  convergence. 

In  looking  at  an  object  the  eyes  are  so  directed  that  the  image  of  the 
object  falls  on  the  center  of  vision,  the  fovea  centralis,  in  each  eye, 
the  most  sensitive  point  in  the  retina.  When  so  directed,  the  eyes 
are  said  to  “fix”  the  object;  if  one  eye  alone  is  used  it  is  termed 
monocular  fixation,  if  both  eyes,  binocular  fixation. 

Investigators  have  shown  that  the  fovea  centralis  is  chiefly  con- 
cerned with  the  function  of  fixation. 

Images  of  objects  falling  at  corresponding  points  on  the  retinaj 
outside  the  center  of  vision  (fovea  centralis)  are  also  seen  singly; 
for  example,  when  at  the  same  distance  to  the  right  of  each  fovea, 
or  to  the  left,  above,  or  below,  the  essential  thing  being  that  the 
images  fall  on  corresponding  points  in  the  two  eyes.  See  p.  3539, 
Vol.  V of  this  Encyclopedia. 

As  is  well  known,  images  projected  on  the  left  side  of  the  retina 
are  seen  in  the  right  field  of  vision,  and  those  on  the  right  side  of 
the  retina  in  the  left  field  of  vision;  while  the  images  that  fall  on 
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the  upper  half  of  the  retina  are  seen  in  the  lower  field  of  vision,  and 
those  that  fall  on  the  lower  half  of  the  retina  are  projected  into  the 
upper  field  of  the  vision. 

With  the  visual  lines  of  the  eyes  parallel,  as  when  looking  at  a 
distant  object  (infinity),  the  convergence  is  nil;  when  the  visual  lines 
converge,  as  when  fixing  all  near  objects,  the  convergence  is  positive; 
when  the  visual  lines  diverge,  the  convergence  is  negative,  that  is, 
divergence  is  present.  In  the  last  instance,  if  the  visual  lines  are 
extended  backward  they  meet  back  of  the  eye. 

The  degree  or  power  of  convergence  is  expressed  in  the  term  of 
meter-angles,  one  meter-angle  being  taken  as  the  unit,  just  as  the 
diopter  is  used  as  the  unit  of  measure  in  expressing  the  accommoda- 
tive power  of  the  eye.  A meter-angle  of  convergence  is  the  angular 
distance  the  visual  line  of  each  eye  traverses  when  these  lines  are 
brought  from  a parallel  position  to  a point  of  intersection  on  the 
median  line  one  meter  distant  in  front  of  the  eyes. 

The  distance  between  the  centers  of  rotation  of  the  eyes,  the  base 
line,  must  be  taken  into  consideration  in  determining  the  meter- 
angle.  The  average  length  of  the  base  line  in  children  is  58  mm.  and 
in  adults  64  mm.  and  one-half  this  distance,  respectively  29  mm., 
and  32  mm.  is  the  sine  of  the  meter-angle;  and  it  is  upon  these  base 
lines  that  the  value  of  the  meter-angle  is  determined  for  various  dis- 
tances in  front  of  the  eyes. 

To  fix  an  object  one  meter  in  front  of  the  eye  requires  one  meter- 
angle  of  convergence,  a linear  deviation  of  29  mm.  in  a child  and  32 
mm.  in  an  adult.  To  fix  an  object  at  twice  this  distance  (2  meters) 
it  would  require  only  one-half  the  power  of  convergence  as  for  a point 
one  meter  distant,  or  meter-angle  of  convergence;  while  to  fix  an 
object  at  I/2  meter  distance  would  require  twice  the  converging  power 
as  for  a distance  of  one  meter,  or  2 meter-angles  of  convergence. 
For  1/5  of  a meter  distance  5 meter-angles  of  convergence  would  be 
necessary  to  fix  an  object,  and  so  on.  See,  also.  Angle,  Metre, 
p.  473,  Vol.  I of  this  Encyclopedia. 

It  will  be  seen  that  the  degree  of  convergence  increases  in  an  in- 
verse ratio  with  the  distance  of  the  near-point  of  fixation,  just  as  the 
power  of  accommodation  increases  inversely  with  the  near-point 
of  vision. 

The  range  of  convergence  is  the  distance  between  the  extreme  far- 
point  and  the  nearest  point  of  convergence. 

The  amplitude  of  convergence  is  the  sum  of  the  minimum  and  the 
maximum  power  of  convergence,  that  is,  the  force  required  to  bring 
the  eyes  from  the  farthest  point  of  convergence  to  the  nearest  point. 
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As  stated  above,  for  all  points  nearer  than  infinity  the  convergence 
is  positive,  at  infinity  (parallelism)  it  is  nil,  and  for  points  beyond 
infinity  it  is  negative. 

Again,  the  degree  or  amplitude  of  convergence  may  be  measured 
by  prisms  and  registered  in  prism  degrees.  Landolt  says  on  this 
point,  “It  is  not  difficult  to  show  the  relation  existing  between  the 
strength  of  any  prism  and  the  number  of  meter-angles  which  ex- 
presses the  deviation  produced.  For  a base  line  (or  distance  be- 
tween the  centers  of  rotation  of  the  two  eyes)  of  58  millimeters,  as  in 
children,  a meter-angle  corresponds  to  1 degree  39'  39"  say  100  . 

“The  deviation  produced  by  a prism  may  be  taken  at  half  its 
angle  of  opening,  which  is  marked  on  each  prism  in  our  trial  cases, 
or  on  the  handle  of  the  double  prism.  Therefore,  a prism  of  X de- 

X degrees  X X 60' 

ffrees  will  produce  a deviation  of or  of  . It  is 

2 2 

only  necessary  to  divide  this  value,  by  100  in  order  to  obtain  the 

X X 60' 


corresponding  number  of  meter-angles : 

2 X 100 


3X 


“This  formula  reduced  to  its  simplest  expression  becomes  , 

10 

that  is  to  say,  we  have  only  to  multiply  the  number  of  the  prism  by 
3,  and  divide  the  prism  by  10,  in  order  to  find,  in  meter-angles,  the 
deviation  for  a ba.se  line  of  58  millimeters. 

“When  the  prism  is  held  before  one  eye  only,  as  in  the  deter- 
mination of  the  minimum  of  convergence  by  the  double  prism,  its 

3X 

action  is  divided  between  the  two  eyes.  The  total  deviation 

10 


3X 

gives  for  each  eye . A prism  of  6 de^’ees  produces  a deviation 

20 

18 

of = 1.8  meter-angles.  But  if  both  eyes  concur  to  neutralize  this 

20  ..... 

18 

effect,  each  eye  need  only  change  its  direction  — = 0.9  meter-angle. 

20 

it  is  only  when  the  prism  of  6 degrees  is  placed  before  each  eye  that 
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the  full  result  of  1.8  meter-angles  is  obtained;  always,  of  course,  for 
a base  line  of  58  millimeters. 

“When  the  base  line  is  longer,  for  example,  64  mm.,  as  in  adults, 
the  meter-angle  becomes  1 degree  50'  equals  110',  and  the  formula 
3X 

becomes  for  the  deviation  corresponding  to  the  prism  of  X de- 

ll 
3X 

gree,  or for  the  effect  produced  on  each  eye  when  the  prism 

22 

is  placed  before  one  eye  only.”  (Landolt,  Refraction  and  Accom- 
modation of  the  Eye,  p.  287.) 

[Prince’s  refraction  rule  is  a device  intended  for  the  determina- 
tion of  the  approximate  range  of  the  accommodation.  It  may  be 
fitted  with  a sliding  holder  for  holding  a small  card  of  test  type. 
See  cut.] 

Clinically,  to  obtain  quickly  the  amplitude  of  convergence,  it  is 
only  necessary  to  take  a tape,  marked  in  centimeters,  and  ascertain 
the  nearest  point  to  which  the  eye  can  converge.  Divide  100  by  this 
number  to  get  the  positive  part  of  the  convergence.  Say  the  near 
point  of  convergence  is  10  cm.,  100  divided  by  10  equals  10  meter- 
angles  for  the  positive  convergence.  If  negative  convergence  is  ab- 
sent this  represents  the  entire  amplitude  of  convergence : but  if  by 
the  use  of  prisms  a negative  convergence  is  demonstrated,  as  shown 
by  the  abduction  point  expressed  in  prism-degrees,  reduced  to  meter- 
angles  after  the  formula  suggested  by  Landolt,  this  amount  should 
be  added  to  the  positive  part  of  the  convergence  in  order  to  obtain 
the  amplitude.  Saj'-  the  patient’s  abduction  is  4 degrees.  This  re- 
duced to  meter-angles  equals  .6  meter-angle.  The  positive  conver- 
gence, 10  meter-angles  as  measured  by  the  tape,  and  the  negative 
convergence  of  .6  meter-angle,  as  ascertained  by  calculation,  equals 
10.6  meter-angles,  the  amplitude  of  convergence  in  this  case. 

Landolt  has  given  10.50  meter-angles  as  the  average  amplitude  of 
convergence,  and  it  may  be  stated  that  this  is  the  most'  satisfactory 
way  of  measuring  the  convergence.  Even  when  the  measurement  bj' 
means  of  prisms  (prism  convergence  test)  indicates  an  insufficiency, 
if  the  amplitude  of  convergence  comes  near  the  normal,  simply 
correcting  the  error  of  refraction  is  all  that  is  necessary  in  most  eases, 
aided  in  some,  however,  by  exercise  and  tonics. 

The  relation  between  convergence  and  acco^nmodation.  There  is 
an  intimate  association  of  the  functions  of  accommodation  and  eon- 
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vergence,  and  usually  wlien  one  is  called  into  action  the  other  par- 
ticipates; or  when  one  is  in  repose  the  other  is  likewise. 

To  give  examples:  Take  an  emmetropic  eye;  an  object  at  a dis- 
tance of  33  centimeters  (13  inches)  requires  3'D.  of  accommodation 
and  3 meter-angles  of  convergence  to  be  seen  correctly  in  single  binoc- 
ular vision,  and  at  50  cm.  (20  inches)  2 D.  of  accommodation  and 
2 meter-angles  convergence;  while  for  the  distance  or  infinity  no 
accommodation  is  required  nor  convergence.  Although  this  associa- 
tion between  the  accommodation  and  convergence  is  very  close,  either 
can  be  exercised  to  a certain  extent  independently  of  the  other.  For 
instance,  when  the  eyes  are  converged  and  focused  for  a certain 
point,  minus  glasses  may  be  placed  in  front  of  the  eyes  and  the  ob- 
ject still  be  seen  distinctly  and  singly ; or  plus  glasses  may  be  inter- 
posed with  the  same  result.  The  accommodation  thus  brought  into 
play  is  termed  relative  accommodation,  that  by  the  minus  glasses 
positive  relative  accommodation,  and  that  by  the  plus  glasses,  nega- 
tive relative  accommodation.  The  power  of  the  glass  that  can  be 
overcome,  distinct  single  binocular  vision  being  maintained,  is  the 
measure  of  the  degree  of  relative  accommodation. 

Again,  with  an  object  fixed  and  focused  at  a certain  point,  the 
same  amount  of  accommodation  may  be  maintained,  while  the  de- 
gree of  the  convergence  is  made  to  change  by  placing  prisms  in  front 
of  the  eyes,  apices  either  in  the  nasal  or  temporal  direction.  A num- 
ber of  prism  degrees  may  be  overcome  with  distinct  binocular  single 
vision  maintained.  Bonders  has  shown  the  relation  between  accom- 
modation and  convergence,  not  only  as  to  relative  convergence,  but 
as  to  their  inter-relation  in  the  production  of  strabismus.  And  Lan- 
dolt  has  shown  that  about  % of  the  amplitude  of  accommodation  must 
be  held  in  reserve  for  sustained,  comfortable  vision,  while  a relatively 
larger  amount  of  the  amplitude  of  convergence  must  be  held  in  res- 
ervation, if  sustained  use  of  the  eyes  is  to  be  maintained. 

With  one  eye  covered  the  other  can  accommodate  for  a point,  al- 
most, but  not  quite  as  near  the  eyes  as  when  both  are  open,  that  is 
to  say,  the  binocular  nearpoint  is  a little  closer  to  the  eyes  than  the 
monocular.  In  other  words  one  function  stimulates  the  other.  This 
is  shown  in  eases  of  high  degrees  of  hypermetropia,  where  a large 
amount  of  accommodative  power  is  required,  and  where  frequently 
the  convergence  is  so  stimulated  that  it  over-acts,  and  we  have  con- 
vergent strabismus.  Again,  fn  high  degrees  of  myopia,  the  ac- 
commodation is  entirely  relaxed,  being  an  important  factor  in  the 
production  of  divergent  strabismus.  For  further  explanation  of 
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the  relation  between  convergence  and  accommodation  in  the  pro- 
duction of  strabismus,  see  Muscles,  Ocular. 

' Angles  alpha  and  gamma. 

The  angles  alphn  and  gamma  (see  p.  470,  Vol.  I of  this  Encyclo- 
pedia) have  a bearing  on  the  centering  of  the  refractive  surfaces  of 
the  eye,  especially  as  affecting  their  movements  and  parallelism. 

If  the  center  of  curvature  of  all  the  refracting  surfaces  of  the  eye 
(the  coruea,  the  anterior,  and  posterior  surfaces  of  the  crystalline 
lens),  were  in  exact  line,  and  their  axes  coincided  with  the  optic 
axis,  the  angles  alpha  and  gamma  would  not  exist. 

Tscherning  {Physiologic  Optics,  p.  ^7)  states  that,  “The  defect 
which  I have  most  frequently  met  consists  in  this,  that  the  center  of 
curvature  of  the  cornea  is  situated  as  much  as  a quarter  of  a milli- 
meter below  the  axis  of  the  crystalline  lens.  ’ ’ Helmholtz  and  Knapp 
(cited  by  Landolt,  Accommodation  and  Refraction  of  the  Eye,  p. 
119)  have  found  that  the  center  of  curvature  of  the  anterior  surface 
of  the  crystalline  lens  is  sometimes  situated  as  much  as  two  degrees 
to  the  temporal  side  of  the  corneal  axis. 

] The  above  variations  as  a rule  are  small  in  amount  and  for  prac- 

tical  purposes  we  may  consider  the  optic  axis,  and  the  long  or  major 
V axis  of  the  cornea  as  well  as  the  antero-posterior  axis  of  the  lens,  as 

> coinciding  and  forming  one  line  or  axis.  This  line  or  axis  which 

extends  from  the  center  of  the  cornea  to  the  posterior  pole  of  the  eye 
f is  called  the  optic  axis  (xy.  Fix.  7). 

The  posterior  pole  of  the  eye  is  situated  between  the  optic  nerve 

■s  entrance  and  the  fovea  centralis. 

■'1 

4 The  line  of  vision,  FO,  Fig.  7,  extends  from  the  point  looked  at 

or  fixed,  through  the  nodal  point  on  the  optic  axis,  to  the  fovea  cen- 
„ tralis.  The  line  of  fixation,  0 M,  Fig.  7,  extends  from  the  point  looked 
'I'  at  or  fixed  to  the  center  of  rotation  of  the  eye. 

The  figure  produced  to  show  the  angles  alpha  and  gamma  is  veiy 
^ diagrammatic.  It  represents  the  right  eye  as  seen  from  above.  XY, 
the  optic  axis,  is  in  the  line  joining  the  center  of  the  cornea  and  the 
■v  posterior  pole  of  the  eye.  CD  is  the  longest  axis  of  the  corneal  el- 

\ lipsoid.  In  the  figure,  the  apex  (C)  of  the  corneal  ellipsoid  is  rep- 

1 resented  as  being  far  to  the  temporal  side  of  the  center  of  the  cor- 

^ nea,  the  spot  on  the  cornea  cut  by  the  optic  axis,  XY.  As  a matter  of 

fact,  these  points  almost  coincide,  and  are  so  treated  in  actual  practice, 
f This  being  so,  the  long  axis  (CD)  of  the  corneal  ellipsoid  and  the  optic 

\ axis  (XY)  would  coincide,  and  they,  also,  are  considered  as  one  and  the 
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same  in  actual  practice.  Wlien  they  are  so  considered,  the  angle  gam- 
ma, formed  by  the  line  of  fixation,  OM,  and  the  optic  axis,  XY,  varies, 
that  is,  increases  and  diminishes,  in  exact  proportion  with  the  angle 
alpha.  Moreover,  these  angles  become  nearer  equal  the  farther  the 
object  of  fixation  is  removed  from  the  eyes,  and,  when  the  object  is 
at  twenty  feet  or  more,  they  become  equal. 


Fig.  7.  Showing  Different  Lines  and  Points  of  the  Eye. 

XY,  Optic  axis;  H,  principal  points  combined;  K,  nodal  points  combined;  M, 
centre  of  motion ; fO,  line  of  vision ; MO,  line  of  fixation ; CD,  greater  axis  of  cor- 
neal ellipsoid;  OKC,  angle  a;  OMX,  angle  7.  This  figure  is  very  diagrammatic, 
in  order  to  show  the  angles  a and  7 plainly.  The  long  axis  of  corneal  ellipse 
should,  and  practically  does,  coincide  with  the  optic  axis  of  the  eye.  (After 
Boosa.) 

The  angle  alpha,  OKC,  is  called  positive,  or  plus,  when  the  front 
portion  of  the  long  axis  of  the  corneal  ellipsoid  falls  to  the  outer  or 
temporal  side  of  the  visual  line,  and  this  is  the  case  in  most  eyes. 
It  is  said  to  be  negative,  or  minus,  when  the  front  portion  of  the  long 
axis  of  the  comeal  ellipsoid  falls  to  the  inner  or  nasal  side  of  the 
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visual  line.  This  is  comparatively  rare,  but  sometimes  occurs  in 
myopia.  When  the  visual  line  and  the  long  axis  of  the  corneal 
ellipsoid  coincide,  it  is  evident  that  there  can  be  no  angle  at  all ; and 
then  it  is  said  to  be  nil. 

It  should  be  remembered  that  the  optic  axis  and  long  axis  of  the 
corneal  ellipsoid  are  regarded  as  one  in  practice,  as  represented  in 
the  two  last  figui-es.  As  long  as  the  macula  is  situated  to  the  outer 
or  temporal  side  of  the  posterior  pole  of  the  eye,  the  angle  alpha 
mflst  be  positive,  as  when  the  visual  line,  FO  (Fig.  8),  cuts  the  cornea 
to  the  inner  or  nasal  side  of  the  optic  axis,  XY.  Furthermore,  the 
farther  the  macula  is  situated  toward  the  temporal  side  of  the  pos- 
terior pole  of  “the  eye,  the  larger  will  the  positive  angle  alpha  be. 
If  the  macula  lutea  and  the  posterior  pole  of  the  eye  are  at  the  same 


Fig.  8.  Positive  Angle  alpha  of  Twelve 
Degrees,  Eight  Eye. 


Fig.  9.  Negative  Angle  alpha  of  Six 
Degrees,  Eight  Eye. 


spot,  then  the  visual  line  and  optic  axis  must  coincide;  and  there 
is  no  angle  alpha.  If  the  macula  lies  to  the  inner  or  nasal  side  of 
the  posterior  pole,  the  visual  line,  FO  (Fig.  9),  must  cut  the  cornea 
to  the  outer  or  temporal  side  of  the  optic  axis,  and  the  angle  alpha 
becomes  negative;  and  the  farther  inward  from  the  posterior  pole 
of  the  eye  the  macula  is  situated,  the  larger  the  negative  angle  alpha 
will  be. 

The  length  of  the  eyeball  itself  influences  the  size  of  the  angle 
alpha. 

In  emmetropia,  the  angle  alpha  is  positive,  and  averages  5 de- 
grees; in  hypermetropia  it  is  positive,  and  averages  7.3  degrees  in 
non-squinting  eyes ; while,  in  myopia  it  is,  as  a rule,  positive,  but 
may  be  nil  or  negative,  and  averages  a little  less  than  2 degrees. 
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These  are  the  figures  given  by  Bonders : and  this  author  explains  the 
influence  of  the  length  of  the  eye-ball  on  the  size  of  the  angle  alpha, 
as  follows:  “The  distance,  kg  (Fig.  10),  from  the  nodal  point  to 
the  retina  is  to  be  taken  in  account.  It  is  evident  that,  if  in  the 
hypermetropic  eye,  where  this  distance  is  particularly  short,  the 
yellow  spot,  1,  is  only  at  the  ordinary  distance  from  g (a  point  of  the 
prolonged  axis  of  the  cornea),  the  angle  alpha,  under  which  li  and 
ga  intersect  one  another  in  k,  becomes  greater.  In  this,  therefore, 
really  lies  in  part  the  cause  of  the  gi*eater  value  of  the  angle  alp^a  in 


Fig.  10.  (After  Bonders.) 


Fig.  11.  (After  Bonders.) 


hypermetropic  eyes;  but  for  the  most  part  this  greater  value  must 
still  be  explained  by  the  more  external  position  of  the  yellow  spot. 

“This  position  is  connected  with  the  arrested  development,  espe- 
cially of  the  external  portion  of  the  hypermetropic  eye.”  A glance 
at  Fig.  11  shows  the  influence  of  myopia  to  diminish  the  size  of  tli*:' 
angle  alpha,  by  reason  of  its  longer  optic  axis. 

The  bearing  of  the  angle  alpha,  as  a causative  factor  in  strabismus 
is  considered  later. 
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CHAPTER  rV.  ' 

PRESBYOPIA. 

The  first  and  chief  clinical  symptom  of  presbyopia  is  the  recession 
of  the  near-point  (p.p.)  manifested  by  the  aging  patient  holding 
printed  matter,  sewing,  and  so  forth  farther  from  the  eyes  than  the 
ordinary  reading  distance  (13  inches,  or  33  centimetres).  Another 
sjTnptom  is  tiring  of  the  eyes  when  close  use  is  persisted  in ; especially 
is  this  the  ease  if  a small  amount  of  astigmatism  be  present  which 
has  not  been  corrected,  and  even  headaches  may  follow  prolonged 


rig.  12.  Range  of  Accommodation  in  D,  at  Different  Ages  as  Determined 

by  Duane. 

The  near-point,  from  the  anterior  focus  of  the  eyes,  equals^  13  mrn.  in  front 
of  the  cornea.  AA,  maximum  limit  in  normal  cases;  B B,  minimum  limit;  C C, 
mean  values;  D D,  mean  as  found  by  Bonders. 


effort.  Asthenopic  symptoms  in  presbyopic  individuals,  however,  are 
rare,  the  patient  most  frequently  complaining  that  he  cannot  see  print 
close  at  hand,  and  for  this  reason  seeks  the  advice  of  an  oculist. 

The  causes  of  presbyopia  are,  first  and  chiefly,  loss  of  elasticity  of 
the  crystalline  lens;  second,  in  a minor  degree,  perhaps  a reduction 
in  power  of  the  ciliary  muscle  itself,  assuming  that  the  strength  of 
this  muscle,  as  with  other  muscles,  decreases  in  advanced  age. 

As  is  well  known,  the  elasticity  of  the  lens  begins  to  decrease  at 
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the  early  age  of  ten  years  or  before,  and  gradually  decreases  (the 
power  of  accommodation  decreasing  pari  passu)  until  the  age  of  75 
years  has  been  reached,  when  the  lens  does  not  respond  to  the  action 
of  the  ciliary  muscle  and  there  is  consequently  no  range  of  accom- 
modation. When  the  range  of  accommodation  has  decreased  until 
the  patient  cannot  see  fine  print  closer  than  22  centimetres  (8  inches), 
presbyopia,  or  old  sight,  has  set  in.  Eight  inches,  the  near  point, 
expressed  in  lens  diopters  equals  4.50  D.  the  amount  of  accommo- 
dative power  necessary  to  see  clearly  at  this  distance,  and,  as  a rule, 
obtains  in  emmetropic  eyes  when  the  patient  has  reached  43  to  45 
years  of  age. 

This  is  an  arbitrary  standard  fixed  by  Bonders,  and  based  on  the 
observation  of  the  range  of  accommodation  in  emmetropic  eyes.  Bon- 
ders’ table  of  the  range  of  accommodation  for  different  eyes  has  been 
modified  by  Buane. 


Limits  of  accommodation. 


Age 

Mean 

Minimum 

Maximum 

Age 

Mean 

MinimTiTn 

Ma.TiTW 

10 

14.2 

11.5 

18.0 

36 

6.9 

5.5 

9.0 

11 

14.1 

11.5 

17.5 

37 

6.7 

5.4 

8.7 

12 

14.0 

11.0 

17.5 

38 

6.5 

5.2 

8.4 

13 

13.7 

11.0 

17.0 

39 

6.2 

5.0 

8.2 

14 

13.4 

10.5 

17.0 

40 

6.0 

4.8 

7.8 

15 

13.1 

10.4 

16.5 

41 

5.6 

4.5 

7.4 

16 

12.8 

10.2 

16.0 

42 

5.2 

4.2 

6.9 

17 

12.5 

10.0 

15.5 

43 

4.8 

3.9 

6.4 

18 

12.2 

9.7 

15.5 

44 

4.3 

3.5 

6.0 

19 

11.9 

9.6 

15.0 

45 

3.8 

3.0 

5.4 

20 

11.6 

9.2 

14.5 

46 

3.4 

2.7 

4.9 

21 

11.3 

9.0 

14.0 

47 

3.0 

2.4 

4.4 

22 

11.0 

8.8 

13.5 

48 

2.5 

2.0 

4.1 

23 

10.7 

8.6 

13.5 

49 

2.2 

1.7 

3.4 

24 

10.4 

8.3 

13.0 

50 

1.9 

1.5 

3.0 

25 

10.1 

8.1 

12.5 

51 

1.7 

1.3 

2.5 

26 

9.8 

7.8 

12.5 

52 

1.5 

1.2 

2.3 

27 

9.5 

7.6 

12.0 

53 

1.4 

1.1 

2.0 

28 

9.2 

7.4 

11.6 

541 

29 

8.9 

7.1 

11.1 

to  \ 1.3 

1.0 

1.9 

30 

8.6 

6.9 

11.0 

57 

31 

8.3 

6.7 

10.0 

58 

32 

8.0 

6.4 

10.1 

to 

1.2 

0.9 

1.8 

33 

7.7 

6.2 

9.8 

62 

34 

7.4 

5.9 

9.5 

63 

35 

7.2 

5.7 

9.3 

to 

1.1 

0.9 

1.5 

70 

In  this  table  the  maximum  and  minimum  limits  of  accommodation 
are  given  for  different  ages  up  to  60  years.  Beyond  60  years  there 
still  remains  a small  power  of  accommodation,  gradually  diminish- 
ing until  75  years  is  reached,  when  it  disappears  altogether. 
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According  to  the  above  table  it  will  be  seen  that  a patient  at  45 
yeai'S  of  age  has  an  accommodative  power  of  only  3.50  D.  expressed 
in  centimeters  29  pins  (11.50  inches).  His  range,  or  amplitude  of 
accommodation  has  been  reduced  1 D.,  and  his  near-point  has  re- 
ceded to  29  centimeters  from  the  eye,  compared  with  the  normal 
emmetropic  eye  of  a patient  of  40  years  of  age. 

It  is  evident  that  the  patient  would  require  a + 1 D.  to  read  fine 
print  at  22  cm.  were  he  emmetropic.  If  hypermetropic,  this  amount, 
-f  1 D.,  would  have  to  be  added  to  his  distance  glass,  e.  g.,  say  the 
hypermetropia  amounted  to  3 D. ; 1 D,  added  to  3 D.  equals  4 D., 
the  glasses  needed  for  reading.  If  myopia  is  present  the  -f  1 D. 
added  to  the  negative  glass  which  represents  the  myopia  present  is 
the  glass  to  prescribe.  Say  there  is  a myopia  of  — 3 D.,  1 D. 

added  to  — 3 D.  equals  — 2 D.,  which  is  the  glass  to  order  for 
reading. 

A presbyopic  patient,  up  to  75  years,  still  has  some  range  of  ac- 
commodation, which  is  expressed  by  the  focal  distance  of  the  glass 
necessary  to  bring  his  near-point  (p.p.)  up  to  the  standard  at  40 
years  of  age,  22  cm.  A -f- 1 D.  is  usually  required  to  correct  pres- 
byopia at  45  years;  1 D.  equals  100  cm.  focal  distance;  the  differ- 
ence between  100  cm.  and  22  cm.  equals  78  cm.,  which  is  the  range 
of  vision  in  this  case. 

It  should  be  remembered  in  prescribing  glasses  for  presbyopes  we 
require  that  his  near-point  with  the  glass  (with  at  the  same  time 
the  patient  exerting  his  greatest  accommodative  effort)  should  be 
22  cm.  or  eight  inches.  The  natural  reading  distance  is  from  33  to 
40  cm.,  33  being  the  usual  reading  distance.  This  leaves  the  patient 
some  reserve  accommodative  power;  and  Landolt  claims  that  about 
one-third  of  the  accommodative  power  should  be  held  in  reserve  if 
the  patient  is  to  read  or  work  comfortably;  this  even  in  young  sub- 
jects. Landolt  also  asserts  that  about  two-thirds  of  the  converging 
power  should  be  held  in  reserve  for  the  patient  to  have  comfortable 
fixation,  and  easy  vision. 

A patient  at  fifty  years  of  age  has  accommodative  power  of  about 
2.50  D.,  or  with  all  his  accommodative  effort  exerted  he  can  only  read 
at  40  cm.,  or  16  inches.  In  order  to  read  at  33  cm.,  or  13  inches, 

3 D.  of  accommodation  is  required;  and  to  read  comfortably  the 
patient  should  have  % of  this  amount,  that  is  1 D.,  held  in  reserve. 
This  1 D.  added  to  the  3 D.  equals  4 D.,  and  the  difference  between 

4 D.  and  2.50  D.  (the  amount  of  accommodative  power  possessed  by 
the  patient)  equals  1.50  D.  which  is  the  strength  of  the  glass  that 
should  be  ordered  for  an  emmetropic  patient  of  50  years  of  age. 

Vol.  XIV— 3 6 
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Again,  in  ordering  glasses  for  presbyopes  the  purpose  for  which 
they  are  wanted  must  be  taken  into  consideration.  For  instance, 
for  reading  music,  manuscript  in  the  pulpit,  playing  cards,  work- 
ing at  the  bench,  and  occasionally  for  desk  work  the  near-point  should 
not  be  brought  nearer  than  20  to  24  inches. 

Each  eye  should  he  tested  separately  as  well  as  both  together  for 
the  near-point,  for  occasionally  it  will  be  found  that  the  accommo- 
dative power,  even  where  no  paralysis  of  the  accommodation  is  pres- 
ent, is  different  in  the  two  eyes.  This  difference  may  amount  to  as 
much  as  1 D.,  and  in  ordering  the  glasses  this  inequality  should  be 
taken  into  consideration.  Finally,  it  must  be  said  that  no  hard  and 
fixed  rule  holds  for  prescribing  glasses  in  presbyopia.  Each  pa- 
tient must  be  fitted  with  the  glasses  that  give  best  vision  at  the  dis- 
tance desired  for  working.  See,  also.  Presbyopia,  p.  10357,  Vol. 
XlII  of  this  EiicyclopedUi. 

Anisometropia  and  antimetropia. 

Anisometropia,  in  its  literal  sense  (from  Greek,  (misos,  unequal; 
inetron,  measure,  and  ops,  the  eye)  means  unequal  vision,  and  often 
is  used  to  include  the  term  antimetropia  (Greek  anti,  opposed ; metron, 
measure,  and  ops,  the  eye)  though  incorrectly  so.  In  anisometro- 
pia the  refractive  error  in  the  two  eyes  may  be  of  the  same  nature, 
e.  g.,  hypermetropic,  but  one  eye  more  hypermetropic  than  the  other ; 
myopic,  but  one  more  myopic  than  the  other;  one  eye  emmetropic 
and  the  other  hypermetropic  or  myopic. 

Of  course  astigmatism  may  be  a complicating  factor-  in  all  these 
cases.  In  antimetropia  one  eye  is  hypermetropic,  with  or  without 
astigmatism,  while  the  other  eye  is  myopic  with  or  without  astig- 
matism. See,  in  addition,  p.  485,  Vol.  I of  this  Encyclopedia. 

Apliakia. 

Aphakia  is  that  condition  of  the  eye  in  which  the  crystalline  lens 
is  absent,  and  is  most  frequently  the  result  of  cataract  extraction. 
It  may  result,  however,  from  an  accidental  injury  to  the  eye. 

So  far  as  the  refraction  of  the  eye  is  concerned  the  lens  may  not 
really  be  absent,  but  simply  dislocated  or  di.splaced  from  the  pupillary 
area,'  e.  g.,  as  in  the  old  and  first  method  of  operating  on  cataract, 
couching,  the  lens  was  depressed  below  the  pupil,  down  and  backward 
into  the  vitreous.  Again,  the  lens  may  be  congenitally,  by  disease, 
or  accidentally  luxated  or  dislocated,  so  that  it  does  not  serve  its  func- 
tion as  a refractive  medium. 
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The  displacement  may  be  incomplete  or  complete.  But  even  in 
incomplete  displacements,  where  the  edge  of  the  lens  remains  in  the 
pupillary  space,  as  often  happens  in  congenital  cases,  the  aphakic 
part  of  the  pupil,  as  a rule,  must  be  corrected,  since  the  astigmatism 
at  the  edge  of  the  lens  (non-cataraetous)  is  so  great  and  irregular 
that  suitable  glasses  cannot  be  found. 

"With  the  lens  absent  we  have  a true  curvature  ametropia  present 
and  the  dioptric  condition  the  simplest,  and  we  have  to  deal  with 
only  the  anterior  convex  surface  of  the  cornea.  The  nodal  point  in 
this  instance  is  at  the  center  of  curvature  of  the  cornea.  The  re- 
fraction of  an  aphakic  eye  is  usually  hypermetropic  in  character. 

Following  cataract  extraction  in  the  emmetropic  eye  a -f-  10  D.  to 
-4-  11  D.  lens  is  required,  and  if  the  patient  was  hypermetropic  be- 
forehand the  plus  glass  representing  the  hypermetropia  must  be  added 
to  this  glass.  On  the  other  hand,  should  myopia  be  present,  the  glass 
representing  the  myopia  must  be  deducted  from  the  strong  plus  lens ; 
that  is,  the  suin  of  a — and  a -f-  glass.  It  might  so  happen  that  the 
myopia  just  neutralizes  the  operative  hypermetropia,  when  the  pa- 
tient would  require  no  lens  for  distant  vision — a rare  and  fortunate 
condition.  This  is  one  of  the  advantages  claimed  for  extracting  the 
clear  lens  in  high  myopia.  It  must  be  remembered,  however,  that 
accommodative  power  is  lost  in  these  cases ; and  a more  serious,  though 
rare,  complication  of  the  operation  is  detachment  of  the  retina  which 
sometimes  follows  weeks,  months  or  years  after  the  operation. 

As  above  stated  the  nodal  point  in  an  aphakic  eye  is  situated  at 
the  center  of  curvature  of  the  cornea,  and  when  a strong  plus  glass 
is  placed  in  front  of  the  eye  it  moves  the  nodal  point  forward,  and  in 
this  way  the  retinal  images  are  enlarged,  even  more  than  they  would 
be  in  an  axial  ametropia  of  like  amount. 

As  would  be  supposed,  the  aphakic  or  lenseless  eye,  where  the  cor- 
neal astigmatism  only  has  to  be  considered,  is  the  ideal  eye  for  the 
use  of  the  ophthalmometer.  Nevertheless  the  nodal  point  is  moved 
forward  by  the  removal  of  the  crystalline  lens,  and  hence,  the  cylin- 
der being  combined,  almost  without  exception,  with  a strong  spheri- 
cal glass,  which  must  be  worn  one-half  inch  in  front  of  the  eye,  the 
strength  of  the  glass  necessary  for  the  correction  of  the  astigmatism 
is  rarely  ever  as  great  as  that  indicated  by  the  ophthalmometer, 
even  though  the  astigmatism  is  against  the  rule.  The  same  law  for 
reduction  in  strength  holds  in  regard  to  prescribing  spherical  glasses 
after  cataract  extraction.  For  example,  say  the  amount  of  hyperme- 
tropia in  an  eye  after  cataract  extraction  is  11  D.  Now,  since  there 
is  no  crystalline  lens  in  such  an  eye,  it  would  naturally  seem  that 
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it  would  require  a plus  11  D.  (3^/^  inch)  lens  to  correct  this  error, 
and,  as  a matter  of  fact,  it  would,  could  the  glass  be  worn  in  contact 
with  the  cornea.  But  since  the  ordinary  wearing  distance  of  a glass 
from  the  eye  is  12  to  14  mm.,  or  about  one-half  inch,  this  moving  for- 
ward of  one-half  inch  perceptibly  increases  the  strength  of  strong  con- 
vex glasses,  and,  therefore,  a reduction  in  strength  must  be  made. 
In  the  present  supposed  example  of  11  D.  hypermetropia,  instead  of 
there  being  required  a -|-  11  D.  to  correct  it,  a much  weaker  glass, 
when  placed  at  the  usual  one-half  inch  wearing  distance  in  front  of 
the  eye,  will  accomplish  what  is  required.  To  be  exact,  it  would  re- 
quire a’glass  of  only  31/2  in.  plus  1/2  in.  (the  1/2  m.  being  the  distance 
in  front  of  the  eye  that  the  glass  is  worn),  which  equals  a four-inch 
focus  glass ; and  a four-inch  focus  glass  equals  10  D.  By  which  it  is 
seen  that  one  whole  diopter  is  deducted  from  the  glass. 

This  increase  in  the  power  of  convex  glasses,  brought  about  by 
wearing  them  1/2  inch  in  front  of  the  eyes,  holds  with  normal  as  well 
as  with  aphakic  eyes.  However  the  glasses  are  usually  so  weak  that 
the  slight  displacement  of  one-half  inch  does  not  make  a great  differ- 
ence in  their  strength.  There  are  exceptional  cases  where  it  does, 
hut  they  are  rare.  In  cataract  cases,  however,  the  glasses  must  he 
very  strong,  except  when  the  eye  has  been  strongly  myopic  before  op- 
eration, and  a slight  change  in  position  of  the  glass,  as  shown  above, 
makes  a big  difference  in  its  refractive  effect.  To  give  another  ex- 
ample, say  that  the  patient  was  hypermetropic  5 D.  before  the  op- 
eration, and  16  D.  after  the  operation,  it  is  evident  that  if  a plus  gla^ 
of  16  D.  (2y2  in,  focus)  could  he  worn  in  contact  with  the  cornea  it 
would  correct  the  16  D.  of  hypennetropia ; hut,  as  it  must  be  worn 
one-half  inch  in  front  of  the  eye,  it  must  he  reduced  in  strength. 
That  is,  it  would  require  a glass  of  plus  V2  = ^ focus,  which 

equals  only  13  D.,  a decrease  in  strength  of  three  diopters. 

The  discrepancy  in  the  reading  of  the  ophthalmometer  and  the  cy- 
lindrical glass  accepted  by  the  patient  after  cataract  extraction  is  not 
because  of  an  error  in  the  reading  of  the  instrument,  hut  is  to  he 
ascribed  chiefly  to  the  great  reduction  in  strength  that  has  to  be  made 
in  strong  cylinders  on  account  of  the  one-half  inch  distance  at  which 
they  must  he  worn  in  front  of  the  eye,  especially  so  when  combined 
with  strong  spherical  glasses.  For  example,  if  we  have  an  astigma- 
tism of  3 D.  against  the  rule,  180  degrees  plus,  and  hypermetropia 
10  D.,  the  power  of  the  glass  to  correct  the  error  of  refraction  in  the 
vertical  meridian  would  be  13  D.,  aiid  the  horizontal  meridian  10  D., 
if  worn  in  contact  with  the  eye.  But  they  are  one-half  inch  in  ^front 
of  the  eye.  A 13  D.  glass  has  a 3 in.  focus,  plus  1/2  inch  in  front  of 
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the  eye  equals  3I/2  in.  focus,  equals  11  D.  for  the  vertical  meridian. 
For  the  horizontal  meridian,  10  D.  equals  4 in.,  plus  % in.  equals 
4I/2  in.  equals  9 D.  The  difference  between  11  D.  and  9 D.,  the  glasses 
which  respectively  it  requires  to  correct  the  vertical  and  horizontal 
meridians,  on  account  of  their  position  in -front  of  the  eye,  is  only  2 
D.,  and,  therefore,  it  would  take  but  2 D.  cyl.  to  correct  the  3 D.  of 
corneal  astigmatism.  Again,  take  6 D.  of  astigmatism,  axis  180  de- 
grees, with  10  D.  of  H.  The  vertical  meridian  would  require  16  D. 
(2^  in.)  to  correct  it,  if  worn  in  contact  with  the  eye;  21/2  in.  plus 
1/2  in.  equals  3 in.  equals  13  D.,  which  glass  it  really  takes.  The 
horizontal  meridian  would  take  10  D.  (4  in.)  ; 4 plus  % equals  41/2 
in.  equals  9 D.  Now,  13  D.  minus  9 D.  equals  4 D.,  the  amount  of 
cylinder,  axis  180  degrees,  it  takes  to  correct  the  6 D.  of  corneal  astig- 
matism ! 

Carl  Weiland  says:  “Cases  of  aphakia  are,  therefore,  the  ideal 
field  for  keratometry,  but  owing  to  the  high  spheres  usually  neces- 
sary, there  is  a great  difference  between  the  correcting  cylinder 
at  14  mm.  from  the  eye  and  that  in  contact  with  the  cornea,  which 
latter,  as  we  know,  is  given  by  Javal’s  instrument.  The  following 
table  will  show  this  at  a glance,  which  is  given  for  plus  10  D.  for  far, 
and  plus  14  D.  for  reading. 


Ophthalmometric  Table. 


A 

A 

FuU 

Correction 

A 

A 

Full  Correction 

+ 1 

+ 10 

+ 

10 

— 

.75 

cyl. 

+ 1 

+ 14 

+ 

14  — 

.66 

cyl. 

— 1 

+ 10 

+ 

10 

+ 

.73 

cyl. 

— 1 

+ 14 

+ 

14  + 

.65 

cyl. 

— 2 

+ 10 

+ 

10 

+ 

1.45 

cyl. 

— 2 

+ 14 

+ 

14  + 

1.25 

cyl. 

+ 2 

+ 10 

+ 

10 

1.50 

cyl. 

+ 2 

+ 14 

+ 

14  — 

1.3 

cyl. 

— 3 

+ 10 

+ 

10 

+ 

2.1 

cyl. 

— 3 

+ 14 

+ 

14  + 

1.8 

cyl. 

— 4 

+ 10 

+ 

10 

+ 

2.8 

cyl. 

— 4 

+ 14 

+ 

14  + 

2.5 

cyl. 

— 5 

+ 10 

+ 

10 

+ 

3.50 

cyl. 

— 5 

+ 14 

+ 

14  + 

3.18 

cyl. 

— 6 

+ 10 

+ 

10 

+ 

4.1 

cyl. 

— 6 

+ 14 

+ 

14  + 

3.66 

cyl. 

“This  shows  conclusively  the  necessity  of  correcting  in  aphakia 
the  keratomically  determined  cylinder  for  its  position  and  for  the 
coexisting  axial  condition,  for  even  with  a plus  1 D.  it  amounts  to 
.25  D.  and  more,  while  for  an  astigmatism  of  6 D.  against  the  rule, 
it  amounts  to  almost  2.50  D.  At  the  same  time,  we  observe  that  in 
the  same  individual  the  cylinder  may  be  reduced  perceptibly  for  read- 
ing. We  also  find  that  the  numbers  obtained  by  the  keratometer  are 
always  too  high,  no  matter  whether  the  astigmatism  is  with  or  against 
the  rule”  {Arch,  of  Oph.,  Jan.,  1893).  See,  also,  p.  4709,  Vol.  VI, 
and  p.  8926,  Vol.  XII,  as  well  as  Section  34,  Vol.  XIII  of  this  Enc\jclo- 
pedia. 
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CHAPTER  V. 

THE  DIFFERENT  FORMS  OF  AMETROPIA  AND  THEIR  CLINICAL  SYMPTOMS. 

SYMPTOMS. 

Hypei'metropia. 

The  clinical  forms  of  hypermetropia  are  two — (1)  manifest,  (2) 
latent;  the  sum  of  the  two  being  the  total  hypermetropia. 

Manifest  hypermetropia  is  ascertained  by  placing  plus  glasses  of 
increasing  strength  before  the  eyes  until  the  strongest  glass  which 
gives  the  best  vision  for  the  distance  (20  feet  or  more)  is  reached; 
e.  g.,  say,  a patient  accepts  plus  2 D.  in  each  eye  and  the  vision  is 
brought  up  to  20/20,  2 D.,  is  the  amount  of  manifest  hypermetropia 
present.  But  say  that  in  the  eyes  of  the  same  patient  a cycloplegic 
is  used  (atropine  sulphate,  one  per  cent,  solution)  and  the  patient 
accepts  a plus  4 D.  in  each  eye  and  still  sees  20/20,  this  4 D.  is  the 
total  hypermetropia;  and  the  difference  between  the  total  and  the 
manifest  shows  the  amount  of  the  laUnt  hypermetropia  present. 
In  this  ease  it  is  the  difference  between  4 D.  and  2 D.,  or  2 D. 

Manifest  hypermetropia  is  subdivided  into  facultative  and  abso- 
lute; the  facultative  being  that  part  which  the  patient  can  correct 
by  using  the  ciliary  muscle,  while  the  absolute  is  that  part  of  the 
manifest  that  can  not  be  corrected  by  the  use  of  the  ciliary  muscle 
and  requires  a plus  glass  to  bring  out  the  best  vision.  To  go  back  to 
the  example  above  given  of  4 D.  of  total  hypermetropia,  by  way  of 
illustration.  In  this  example  2 D.  of  the  hypermetropia  present  is 
manifest.  We  will  assume  that  the  patient  without  any  glass  saw 
20/40,  and  it  required  plus  1 D.  to  enable  the  patient  to  see  20/20; 
this  first  1 D.  would  be  the  manifest  absolute  hypermetropia,  since 
the  patient  could  not  correct  this  part  of  the  hypermetropia  with 
accommodative  effort,  but  required  plus  1 D.  glass  to  bring  up  the 
vision  to  20/20.  The  patient,  however,  accepted  another  plus  1 D. 
which  maintained  his  vision  at  20/20,  and  this  last  1 D.  represented 
the  manifest  facultative  hypermetropia,  the  patient  in  this  instance 
being  able  (having  the  faculty)  to  correct  with  the  ciliary  muscle  the 
1 D.  of  hypermetropia,  if  he  chose.  In  other  words  the  absolute 
manifest  hypermetropia  is  that  part  which  the  patient  cannot  cor- 
rect by  using  the  ciliary  muscle,  while  facultative  manifest  hyperme- 
tropia is  that  part  which  he  can  correct  by  the  use  of  the  ciliary 
muscle  by  accommodative  effort.  In  the  above  example  the 
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absolute  manifest  = 1 D. 
facultative  manifest  = 1 D. 
latent  = 2 D. 


Total  =4  D.; 


and  these  are  the  dilferent  varieties  of  hypermetropia  with  which 
we  have  to  deal. 

In  young  subjects  the  latent  hypermetropia  is  greater,  as  com- 
pared with  the  manifest,  than  in  older  subjects,  being  greatest  at 
about  ten  years  of  age  and  gradually  diminishing  until  at  the  age  of 
fifty-five  or  sixty,  as  a rule,  all  the  latent  hypermetropia  has  become 
manifest.  Not  only  that,  but  the  facultative  manifest  has  become 
absolute;  in  other  words  at  about  sixty  years  of  age  accommodative 
effort  is  nil  and  the  hypermetrope  must  have  glasses  to  see  distinctly, 
even  for  the  distance.  Also  in  young  subjects  with  high  degrees  of 
hypermetropia,  generally  a considerable  amount  of  the  hypermetropia 
is  latent,  and  of  the  manifest  most  of  it  may  be  facultative,  with 
only  a small  part  of  it  absolute.  This  latter  must  be  corrected  if  the 
patient  expects  to  see  distinctly.  Furthermore,  if  the  patient  is  to 
see  distinctly  and  without  effort  the  facultative  manifest  hyperme- 
tropia must  be  corrected  also,  and  often  part  of  the  latent  hyperme- 
tropia. In  low  degrees  of  hypermetropia  (1  to  2 or  3 D.)  in  young 
subjects,  and  where  no  astigmatism  is  complicating,  the  patient  often 
prefers  to  go  without  glasses,  the  accommodative  effort  being  suffi- 
cient to  overcome  the  hypermetropia  and  render  the  eye  emmetropic 
both  for  distance  and  near  work. 

Bonders’  description  of  the  clinical  symptoms  of  hypermetropia 
holds  today,  and  but  little  need  be  added  to  it.  However,  in  this 
modern-day  stress  of  life,  and  especially  with  the  strain  put  upon 
the  eyes  in  the  schools  and  factories,  the  symptoms  of  hypermetropia 
— blurring  of  vision,  pains  in  the  eyes  and  temples,  headaches,  and 
inability  to  continue  the  use  of  the  eyes  for  long  periods  of  time — 
are  more  pronounced  than  in  Bonders’  time.  At  least  we  often 
come  in  contact  with  patients  suffering  with  just  such  symptoms  as 
he  describes.  In  young  subjects  unless  the  hypermetropia  is  of  high 
amount  or  complicated  with  astigmatism,  the  patient,  if  in  good 
health,  is  able  to  use  the  eyes  with  entire  comfort  and  without  fa- 
tigue. But  as  the  presbyopic  period  of  life  approaches,  even  in  sim- 
ple uncomplicated  hypermetropia  the  symptoms  of  asthenopia  ap- 
pear and  glasses  must  be  worn.  In  weak  or  debilitated  subjects  with 
hypermetropia,  glasses  must  be  worn  earlier,  at  any  rate  for  near 
work  and  reading. 
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I^areuts  often  have  a pardonable  prejudice  against  glasses  for  the 
young,  and  frequently  ask  if  glasses  do  not  weaken  the  eyes,  and  also 
if  glasses  once  put  on  will  they  not  have  to  be  kept  on,  and  if  glasses 
will  not  actually  do  the  eyes  harm  if  begun  too  early?  To  all  such 
inquiries  we  answer  that  if  the  child  is  really  in  need  of  glasses  as 
is  manifested  by  the  symptoms,  glasses  will  not  injure  the  eyes  but 
benefit  them ; not  only  that  but  the  general  health  is  often  improved 
by  their  use.  Furthermore,  we  advise  that  by  the  general  improve- 
ment in  health  the  child  may  be  able  to  give  up  the  glasses  for  dis- 
tance vision  and  perhaps  for  near  work  after  a time.  But  should 
he  not  be  able  to  give  up  the  glasses,  without  return  of  the  symptoms, 
then  they  should  be  worn  all  the  time.  It  should  be  remembered 
also  that  hypermetropes  when  approaching  the  presbyopic  age  are 
di’iven  to  wear  gla.sses  for  the  near-point  earlier  than  emmetropes, 
due  to  the  excessive  strain  put  upon  the  accommodation,  and  this 
even  with  the  ciliary  muscle  being  slightly  stronger  in  hypermetropes 
than  in  emmetropes. 

In  hypermetropia  not  only  may  we  have  asthenopic  symptoms 
present  but  a squint  may  and  often  does  develop  from  the  extra 
strain  put  upon  the  accommodation.  And  this  condition  may  be, 
and  often  is,  relieved  by  the  use  of  the  proper  correcting  glasses,  if 
the  patient  is  seen  early  enough  after  the  squint  develops.  Occa- 
sionally, in  very  high  degrees  of  hypermetropia,  the  patient  not  be- 
ing able  to  hold  the  print  far  enough  from  the  eyes  to  obtain  a dis- 
tinct image,  reverses  the  processes  and  holds  the  print  very  close  to 
the  eyes.  In  this  way  images  are  rendered  less  distinct  but  much 
larger,  and  the  patient  interprets  them  much  more  readily,  especially 
if  he  partially  closes  his  eyelids,  as  is  often  done  in  high  degrees  of 
myopia;  or,  if  he  holds  the  print  in  a bright  light  which  at  the  same 
time  shines  in  his  own  eyes  contracting  the  pupils  he  sees  more  clear- 
ly. The  partially  closed  eyelids  and  the  small  pupil  serve  to  cut  off 
the  most  peripheral  rays,  thus  rendering  the  images  more  dist;jnct, 
and  as  the  more  central  rays  form  less  diffused  images  than  the  periph- 
eral ones  the  patient  sees  fairly  well.  Other  symptoms  of  hyper- 
metropic refraction  are:  redness  of  the  edges  of  the  eyelids  (bleph- 
aritis marginalis),  styes,  conjunctivitis.  Even  retinal  irritation 
may  develop  if  the  eyes  are  used  too  much  vshthout  the  proper  cor- 
rection of  the  hypermetropia.  Also  nervous  symptoms,  as  twitch- 
ing of  the  eyelids  or  muscles  of  the  face  may  develop ; and  some  distin- 
guished authorities  claim  that  general  nervous  affections,  as  epilepsy, 
chorea,  etc.,  may  develop  from  eye-strain,  especially  the  eye-strain 
of  hypermetropia  with  astigmatism  and  muscle  imbalance  as  com- 
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plicating  factors.  However  this  may  be,  we  know  that  hyperme- 
tropia  is  often  the  source  of  much  discomfort  to  the  patient  and  that 
correcting  glasses  are  a means  of  relief.  See,  also,  H3^ermetropia, 
p.  6096,  Yol.  VIII  of  this  Encyclopedia. 

Clinical  myopia. 

The  clinical  forms  of  myopia  are  two:  axial  myopia,  where  the 
eyeball  is  too  long,  and  curvature  myopia,  where  either  the  cornea 
or  the  crystalline  lens,  or  both,  are  too  sharply  curved.  There  is  a 
so-called  pseudo-  or  false,  myopia,  due  to  spasm  of  the  accommoda- 
tion. 

In  certain  diseased  conditions  of  the  eyes,  as  conical  cornea,  very 
high  myopia  with  irregular  astigmatism  obtains;  and  again  in  eyes 
with  diffuse  opacities  of  the  cornea,  myopia,  even  of  the  axial  type, 
may  be  produced.  This  latter  is  brought  about  in  a measure  per- 
haps by  the  patient  holding  the  print  or  fine  work  close  to  the  eyes 
to  enlarge  the  images  of  the  objects  to  obtain  better  vision;  and  in 
doing  so  the  external  recti  muscles  are  forcibly  stretched  over  the 
temporal  side  of  the  eyeballs,  thus  lengthening  the  globe. 

Symptoms:  Unlike  hypermetropia,  myopia,  unless  complicated 
with  astigmatism  or  is  of  high  degree  with  pathologic  changes  in  the 
fundi,  rarely  gives  rise  to  asthenopic  S3nnptoms,  that  is,  headaches, 
pains  in  the  eyes,  and  a tired  feeling  about  the  eyes,  so  common  in 
hypermetropia. 

Astigmatism  may  complicate  all  degrees  of  myopia,  while  patho- 
logic changes  in  the  choroid  and  retina  are  most  common  in  the 
higher  degrees  of  myopia.  In  these  latter  cases  vision  is  poor  not 
only  because  of  the  myopia  but  on  account  of  the  diseased  condition 
of  the  choroid  and  retina.  Moreover,  the  strain  put  upon  these  eyes 
to  secure  better  vision  often  congests  them,  and  renders  them  pain- 
ful to  light ; again,  because  of  the  very  near  point  at  which  such  eyes 
must  be  used  an  extra  strain  is  put  upon  the  convergence,  producing 
asthenopic  symptoms  even  in  eyes  which  have  no  pathologic  changes. 

Muscce  voltitcmtes  are  a common  S5rmptom  of  high  myopia,  and, 
when  the  choroid  and  retina  are  involved,  often  large  opacities  and 
shreds  are  present  in  the  vitreous  to  add  to  the  annoyance  and  fear 
caused  by  such  specks  fioating  in  front  of  the  eyes.  Again,  because 
of  the  fact  that  the  point  of  distinct  vision  in  myopes  of  high  de- 
gree is  only  a few  inches  in  front  of  the  eyes,  distinct  single  binocu- 
lar vision  is  often  out  of  the  question,  and  the  patient,  being  able  to 
keep  the  two  eyes  fixed  on  the  object,  allows  one  eye  to  swing  out  of 
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the  line  of  vision  and  a divergent  squint  results,  a not  infrequent 

^^Th7oplXalmoscop!c  symptoms  of  myopia  are  characteristic,  espe- 
cially in  the  higher  grades  thereof.  In  the  lower  and  ^oderat 
grades  (from  1 to  4 diopters),  the  fundus  conditions  often  differ  in 
no  particular  manner  from  the  fundus  of  the  emmetropic  or  moder- 
ately hypermetropic  eye,  except  that  the  optic  nerve  appears  a littte 
larger  However,  in  the  higher  grades  of  myopia  not  only  t 
opti  disc  apparently  enlarged  (from  the  increased  refractive  power) 
but  at  the  temporal  side  often  there  is  a white  crescent  (the  myopic 
crescent)  due  to  atrophy  of  the  choroid  at  this  point. 

Frequently  shreds  of  membrane  and  opacities  are  to  be  o^^erv^ 
floati..*  in  the  vitreous,  and  the  vitreous  it^lf  may  become  rareM 
and  fluid  If  the  choroid  is  very  extensively  involved,  and  particu- 
larly if  the  retina  becomes  detached,  a complicating  cataract  may  de- 

^^The  objective  symptoms  of  myopia  are,  prominence  of  the  eyes 
relatively  wide  pupils,  objects  are  held  much  too  near  the  eye,  and 
there  is  a tendency  for  the  patient  to  close  the  eyelids  almost  to- 
gether when  trying  to  see  distinctly. 

The  prominence  of  the  eye  is  due  to  the  lengthened  eyeball,  while 
the  wide  pupils  are  the  result  of  relaxation  of  the  accommodation 
and  incidentally  of  the  convergence  of  the  eyes.  The  squinting  o 
the  eyelids  together  is  to  cut  off  the  peripheral^  rays  from  entering 
the  eye,  thus  securing  a better  image  on  the  retina  of  the  elonga  e 
eyeball.  It  is  from  this  squinting  of  the  eyelids  together,  which  so 
often  obtains  in  myopia,  that  the  name  originates. 

A peculiarity  in  some  cases  of  myopia  of  moderate  degree  is  that 
they  are  unaware  that  they  see  less  distinctly  than  people  with 
normal  vision ; and  are  brought  to  a realization  of  this  defect  in  their 
vision  only  after  having  had  glasses  prescribed,  the  contrast  between 
the  improved  vision  and  the  former  poor  vision  then  being  possible. 

Glasses  have  a very  favorable  influence  on  myopia  if  prescribed  m 
the  early  stages,  and  the  myopia  should  be  fully  corrected,  up  to  as 
hieh  as  6 or  8 D.  Usually  patients  will  not  tolerate  a full  correc- 
tion if  the  myopia  is  higher  than  6 or  8 D.  However,  if  the  myopia 
has  been  fully  corrected  from  the  first  and  the  glasses  increased ' in 
strength  as  the  myopia  increased,  patients  will  at  times  wear  full 
correction  up  to  10  D.  or  12  D.  in  amount  for  all  distances,  that  is. 

In  myopia  of  high  degree,  10  D.  and  over,  some  reduction  in  the 
strength  of  the  glass  for  the  near-point  must  be  made.  A good  the- 
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oretic  rule  is  to  find  the  full  correction  for  the  distance,  then  deduct 
from  this  glass  the  number  of  diopters  that  is  obtained  by  dividing 
the  number  of  inches  at  which  the  patient  desires  to  work,  read,  or 
sew,  etc.,  into  40  inches  (the  number  of  English  inches  to  the  meter) 
and  the  quotient  will  be  the  number  of  diopters  to  subtract  from  the 
distance  glass.  For  example,  say  the  patient  accepts  a 14  D.  for 
the  distance,  and  desires  a reading  glass  to  enable  him  to  read  at  13 
inches;  thirteen  into  forty  will  go  3 times,  and  a fraction  over.  This 
represents  in  diopters  the  amount  to  be  subtracted  from  the  distance 
glass  14  — 3 = 11  D.,  the  latter  being  the  glass  the  patient  should 
wear  for  near  work.  Often,  however,  in  the  higher  degrees  of  myopia 
more  than  the  amount  obtained  in  this  way  must  be  deducted  from 
the  distance  glass.  As  a matter  of  fact,  frequently  the  distance  glass 
must  be  reduced  in  strength  if  the  patient  is  to  have  comfoi'tahle 
vision,  though  not  so  clear  vision  results  as  can  be  obtained  with  full 
correction.  In  the  higher  grades,  as  a rule,  and  often  in  the  lower 
grades,  of  myopia  a greater  or  lesser  degree  of  insufficiency  of  the 
ffiternal  recti  muscles  obtains.  If  of  considerable  amount  this  adds 
to  the  difficulty  of  single  binocular  vision.  Furthermore,  the  shape 
of  the  eye  itself,  the  elongation  which  occurs  in  the  higher  degrees  of 
myopia,  adds  to  the  trouble,  as  the  antero-posterior  axis  of  the  eye 
assumes  more  or  less  nearly  the  axis  of  the  orbit,  the  inward  excur- 
sions of  the  eye  especially  being  retarded. 

Again,  since  the  angle  alpha  in  high  degrees  of  myopia  is  very 
small,  nil,  or  even  negative  (that  is,  the  visual  line  cuts  the  cornea  near 
its  centre,  or  even  to  outer  side  of  its  centre)  it  requires  the  eye  to 
be  further  converged  to  obtain  single  binocular  vision  than  would 
be  the  case  in  H.  where  the  angle  is  positive.  All  these  points  should 
be  borne  in  mind  when  ordering  and  adjusting  glasses  for  myopes. 

In  myopia,  as  a rule,  the  P.  D.  should  be  made  a little  wider  than 
the  actual  pupil  distance,  especially  if  there  is  an  insufficiency  of  the 
internal  recti  muscles. 

Of  course  the  common  hygienics  of  vision  should  be  insisted  on 
in  these  cases,  especially  as  to  good  light,  not  too  long  periods  of 
use,  and  the  patient  should  not  read  while  lying  down.  Good  print 
properly  spaced  is  an  important  factor  in  preventing  undue  strain 
upon  the  eyes.  In  school-children  particularly  should  the  above 
directions  be  carried  out ; and  the  further  precaution  of  having 
the  student  sit  in  an  erect  position  when  studying  should  be  in- 
sisted upon.  It  goes  without  saying  that  suitable  desks  should  be 
supplied  for  the  students’  use.  See,  also,  the  Myopia  captions,  be- 
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ginning  with  p.  8265,  Vol.  XI,  and  Section  VI  of  Physiological  optics 
in  this  Encyclopedia. 


CHAPTER  VI, 

ASTIGMATISM.  ASTIQMIA. 

The  clinical  varieties  of  astigmatism.  For  clinical  purposes  astig- 
matism (astigmia)  may  be  considered  under  five  types  of  the  regu- 
lar form,  and  under  two  types  of  the  irregular  form. 

The  varieties  of  regular  astigmatism  are:  (1)  hypermetropic 
simple;  (2)  hypermetropic  compound;  (3)  myopic  simple;  (4)  my- 
opic compound;  and  (5)  mixed.  All  these  types  may  be  situated 
either  in  the  cornea  or  in  the  lens. 


Fig.  13.  Simple  Hypermetropic  Astigmatism  with  the  Eule, 

The  two  varieties  of  irregular  astigmatism  are:  (1)  irregular  cor- 
neal; (2)  irregular  lenticular. 

All  the  forms  of  regular  astigmatism  may  be  further  divided  into 
two  general  types:  astigmatism  with  the  rule  (direct)  and  astigma- 
tism against  the  rule  (indirect  or  inverse). 

When  the  axes  of  the  astigmatism  are  at  45  degrees  and  135  de- 
grees, or  in  that  neighborhood,  the  astigmatism  is  often  designated 
ohlique. 

Because  of  the  confusion  often  present  in  the  minds  of  beginners, 
and  also  even  in  the  minds  of  men  of  considerable  experience,  about 
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astigmatism  with  the  rule  and  astigmatism  against  the  rule,  a brief 
explanation  of  the  meaning  of  the  terms  is  in  place  here. 

Astigmatism  vnth  the  rule.  This  is  the  condition  in  which  the  verti- 
cal meridian  of  the  cornea,  or  any  meridian  in  the  neighborhood  of 


Fig.  14.  Compound  Hypermetropic  Astigmatism  with  the  Eule. 


Fig.  15.  Simple  Myopic  Astigmatism  with  the  Eule. 


the  vertical  meridian,  that  is,  within  4 or  5 degrees  of  the  veirtical,  is 
more  curved  (of  greater  refractive  power)  than  the  meridian  at 
right  angles  to  it.  We  here  speak  of  the  corneal  refraction. 
Astigmatism  against  the  rule.  This  is  the  condition  where  the 


10982 


REFRACTION  AND  ACCOMMODATION 


vertical  meridian  of  the  cornea,  or  any  meridian  in  the  neighborhood 
of  the  vertical  meridian  (within  4 or  5 degrees  of  the  vertical),  is  less 
curved  (of  less  refractive  power)  than  the  meridian  at  right  angles 

to  it. 


Fig.  16.  Compound  Myopic  Astigmatism  with  the  Rule. 


The  vertical  meridian  of  the  cornea,  or  one  in  the  neighborhood  of 
it,  in  75  to  80  per  cent,  of  all  cases  of  astigmatism  in  young  and  mid- 
dle-aged subjects,  gradually  decreasing  as  age  advances  to  about  30 
per  cent,  of  cases  (Bennett  and  Clemensha,  Amer.  Medicine,  Aug.  1, 
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1903),  is  more  curved  than  the  horizontal,  or  the  meridian  at  right 
angles  to  it,  and  the  astigmatism  in  such  cases,  as  ^ above  stated,  is 
said  to  be  according  to  the  rule,  or,  “with  the  rule. 


Fig.  18.  Simple  Hypermetropic  Astigmatism  Against  the  Rule. 


Fig.  19.  Compound  Hypermetropic  Astigmatism  Against  the  Rule. 

Many  times  beginners  ask  if  hypermetropic  astigmatism  is  not  al- 
ways with  the  rule,  and  if  mjmpic  astigmatism  is  not  always  against 
the  rule.  As  a matter  of  fact,  it  makes  no  difference  whether  the  as- 
tigmatism be  hyperinetropic  (simple  or  compound),  myopic  (simple 
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or  compound),  or  even  mixed,  as  long  as  the  vertical  meridian  of  the 
cornea,  or  one  \\dthin  4 or  5 degrees  of  it,  is  more  curved  than  the  me- 
ridian at  right  angles  to  it — that  is,  astigmatism  with  the  rule. 

Foi'ms  of  asticfmatism  illustrated  hy  diagrams.  In  order  that  the 
reader  may  not  possibly  go  astray  on  this  point  we  will  take  an  ex- 
ample of  each  form  of  astigmatism,  and  show  by  diagrams  how  it  may 
be  “with  the  rule”  in  every  form. 

(1)  Simple  hypermetropic  astigmatism  with  the  rule.  Fig.  13 
shows  the  vertical  and  horizontal  sections  of  an  eye  with  such  an 
error  of  refraction.  It  is  seen  by  this  diagram  that  the  vertical  me- 
ridian is  emmetropic  and  allows  the  rays  of  light  to  focus  on  the 
retina,  and  is  more  curved  than  the  horizontal  meridian  which  is 


Fig.  20.  Simple  Myopic  Astigmatism  Against  the  Rule. 

flat  and  allows  the  rays  of  light  to  focus  back  of  the  retina.  There- 
fore, according  to  our  definition  of  astigmatism  with  the  rule,  this 
must  be  a case  of  it,  for  the  vertical  meridian  is  more  curved  (of 
greater  refractive  power)  than  the  horizontal. 

(2)  Compound  hypermetropic!  astigmatism  with  the  rule.  In 
such  a case  the  vertical  meridian  is  flat  and  allows  the  rays  of  light 
to  focus  back  of  the  retina,  but  it  is  not  as  flat  as  the  horizontal 
meridian  which  allows  the  rays  to  focus  still  farther  behind  the 
retina.  Here  again  the  vertical  meridian  is  more  curved  than  the 
horizontal,  and,  of  course,  the  astigmatism  is  with  the  rule,  though 
it  is  compound  hypermetropic  (see  Fig.  14). 

(3)  Simple  myopic  astigmatism  with  the  rule.  Here  the  vertical 
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meridian  is  myopic,  causing  the  rays  of  light  to  focus  in  front  of 
the  retina,  and  is  more  curved  than  the  horizontal  meridian,  which  is 
emmetropic,  and  allows  the  rays  to  focus  on  the  retina.  Now,  this, 


Fig.  21.  Compound  Myopic  Astigmatism  Against  the  Rule. 


Fig.  22.  Mixed  Astigmatism  Against  the  Rule. 


is  with  the  rule,  though  it  is  myopic  astigmatism — simply  because 
the  vertical  meridian  is  more  curved  (of  greater  refractive  power) 
than  the  horizontal  (see  Fig.  15). 

(4)  Compound  myopic  astigmatism  with  the  rule.  The  vertical 
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meridian  is  more  myopic  and  at  the  same  time  more  curved  than  the 
horizontal  meridian,  which  latter  fact  makes  it  astigmatism  with  the 
rule  (Fig.  16). 

(5)  Mixed  astigmatism  with  the  rule.  The  vertical  meridian  is 
myopic  and  focuses  rays  of  light  in  front  of  the  retina,  and  is  more 
curved  than  the  horizontal  meridian  which  is  hypermetropic  (flat, 
less  curved),  and  focuses  rays  back  of  the  retina.  The  astigmatism 
is  with  the  rule,  therefore,  though  mixed  (Fig.  17). 

AVe  see,  then,  by  the  above  five  diagrams  that  astigmatism  may  be 
with  the  rule  in  all  of  its  forms ; the  only  thing  necessary  to  have  it 
such,  the  sim  qua  non,  so  to  speak,  is  that  the  vertical  meridian  of 
the  cornea,  or  one  in  its  neighborhood,  shall  be  more  curved  than  the 
horizontal  or  the  one  at  right  angles  to  it. 

(1)  Simple  hypermetropic  astifpnatism  acjainst  the  rule.  The 
vertical  meridian  is  hypermetropic,  focuses  rays  of  light  luick  of  the 
retina,  and  is  less  curved  than  the  horizontal  meridian,  which  is  em- 
metropic, and  focuses  rays  on  the  retina  (Fig.  18). 

(2)  C&mpound  hypermetropic  astiymatism  ayainst  the  rule. 
Here  both  meridians  are  hypermetropic,  but  the  vertical  more  so 
than  the  horizontal,  consequently  the  vertical  meridian  is  less  curved 
than  the  horizontal.  The  astigmatism  is,  therefore,  against  the  rule 

(Fig.  19).  . 

(3)  Simple  myopic  astignuitiam  against  the  rule.  The  vertical 

meridian  is  emmetropic,  focuses  the  rays  on  the  retina,  and  is  less 
curved  than  the  horizontal  meridian,  which  is  myopic  and  focuses 
in  front  of  the  retina  (Fig.  20). 

(4)  C&mpound  myopic  astigmatism  against  the  rule.  Here  both 
meridians  are  myopic,  but  the  vertical  is  less  mj'Opic  than  the  hoii- 
zontal,  is  less  curved,  and  consequently  it  is  astigmatism  against  the 
rule  (Fig.  21). 

(5)  Mixed  astigmatism  against  the  rule.  The  vertical  meridian 
is  hypermetropic,  focuses  rays  back  of  the  retina,  and  is  less  curved 
than  the  horizontal  meridian,  which  is  myopic,  and  focuses  rays  in 
front  of  the  retina  (Fig.  22). 

By  the  above  diagrams  we  see  that  astigmatism  may  be  against  the 
rule  in  all  its  forms.  So  long  as  the  vertical  meridian  of  the  cornea 
is  less  curved  (of  less  refractive  power)  than  the  horizontal,  that  is 
astigmatism  against  the  rule. 

Some  writers  prefer  to  designate  astigmatism  as  “direct”  and  “in- 
direct.” 

We  have  gone  very  particularly  and  minutely  into  this  point  of  as- 
tigmatism with  the  rule  and  against  the  rule,  because  we  find  in 
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teaching  that  it  is  a point  on  which  most  beginners  are  in  doubt. 
Some  authors  are  inclined  to  attach  but  little  importance  to  it,  but  the 
present  writer  has  found  it  of  much  value  in  instructing.  Because, 
if,  on  finding  astigmatism  with  or  against  the  rule  you  can  teach  the 
student  to  picture  in  his  “mind’s  eye,”  so  to  speak,  the  condition  of 
curvature  of  the  cornea  and  the  position  of  the  focal  points  of  its 
two  chief  meridians  of  curvature  in  relation  to  the  retina  in  the  va- 
rious forms  of  astigmatism,  it  greatly  assists  him  in  adjusting  glasses. 
In  fact,  it  makes  him  think  of  the  eye  under  observation,  and  not  of 
some  abstruse  rule  in  the  text-book. 

Axes  of  regular  astigmatism. 

In  regular  astigmatism  the  chief  meridians,  that  is,  the  meridian 
of  maximum  and  the  meridian  of  minimum  refraction,  are  usually  at 
right  angles  to  each  other,  though  not  always,  as  stated  by  some  au- 
thors (Hartridge  and  others).  That  the  chief  meridians  are  not 
always  at  right  angles  to  each  other  may  be  easily  ascertained  by  the 
use  of  the  ophthalmometer. 

Occasionally  it  will  be  found  that  the  secondary  position  is  not  at 
right  angles  to  the  piimary  as  found  by  the  instrument,  but  varies 
from  five  to  ten  or  fifteen  degrees.  For  example,  say  the  primary 
position  is  found  to  be  0 degrees  or  180  degrees,  that  is,  horizontal, 
and  when  the  arc  of  the  instrument  is  turned  to  90  degrees,  the  sec- 
ond position,  which  is  at  right  angles  to  180  degrees,  the  lines  divid- 
ing the  mires  are  not  coincident  and  straight  with  each  other,  and 
only  become  straight  when  the  arc  is  turned  to  95  or  100  degrees,  or 
maybe  to  85  degrees  or  80  degrees,  etc.,  indicating  clearly  that 
the  second  chief  meridian  is  not  at  right  angles  to  the  first. 

Such  cases  are  rare,  and  even  then  the  axes  are  so  little  off  the 
right  angle  position  that  the  variation  may,  in  most  cases,  be  neglected 
from  a clinical  standpoint. 

Symmetry  of  the  axes  of  astigmatism  obtains  in  a large  percent- 
age of  cases,  that  is,  the  chief  meridians  lie  in  corresponding  posi- 
tions in  the  two  eyes;  for  example,  exactly  at  90  degrees  and  180  de- 
grees, or  the  same  number  of  degrees  from  the  vertical,  each  to  the 
temporal  or  the  nasal  side,  as  at  105  degrees  right,  and  75  degrees 
left,  or  vice  versa;  or  at  15  degrees  or  165  degrees,  that  is,  the  axes 
are  inclined  to  lie  in  symmetrical  meridians.  (Snellen,  Graefe 
Arch.  f.  Oph.,  Vol.  XVI,  No.  2,  p.  200,  1869;  also  Knapp,  Trans. 
Amer.  Oph.  Soc.,  Vol.  VI,  p.  308,  1892,  as  well  as  Claiborne,  New 
York  Med.  Journal,  June  25  and  July  2,  1892,  and  Annals  of  Oph., 
July,  1909.) 
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When  the  chief  meridians  do  not  lie  in  corresponding  meridians  in 
the  two  eyes,  the  astigmatism  is  said  to  he  asymmetrical,  while  if  the 
chief  meridians  slant  consensually,  that  is,  in  the  same  direction,  and 
to  the  same  distance  from  the  vertical  meridian,  the  axes  are  asym- 
metrical and  homologous,  e.  g.,  say  the  meridian  of  greatest  refrac- 
tion in  each  eye  is  at  75  degrees. 

The  axis  of  the  astigmatism  following  cataract  extraction  is  usual- 
ly parallel  with  the  direction  of  the  incision  in  the  cornea,  the  more 
refractive  meridian  parallel  with,  and  the  lesser  refractive  meridian 
perpendicular  to,  the  incision.  Since  the  wound  is  usually  made 
above,  the  astigmatism  is  usually  against  the  rule,  that  is,  the  least 
refracting  meridian  is  at,  or  near,  90  degrees.  Both  the  amount 
and  the  axis  of  the  astigmatism  change  considerably  in  the  first  few 
weeks  following  cataract  extraction,  hence  glasses,  unless  temporary, 
should  not  be  prescribed  in  such  cases  for  at  least  six  or  eight  weeks 
following  the  operation,  and  it  is  better  to  wait  even  longer,  three  or 
four  months,  to  get  the  best  results  with  glasses. 

irregular  astigmatism,  as  a rule,  but  little  improvement  is  to  be 
expected  from  the  use  of  glasses.  However,  in  those  cases  of  irregu- 
lar astigmatism  where  there  is  at  the  same  time  a large  amount  of 
regular  astigmatism,  vision  may  be  very  considerably  improved  by 
correcting  the  regular  part  of  the  astigmatism.  This  is  a point  often 
neglected,  the  case  being  considered  beyond  help,  and  the  patient 
allowed  to  go  without  correction  which  he  might  have  and  ought  to 
have  given  him.  Much  patience  on  the  part  of  the  surgeon  is  re- 
quired in  such  cases,  but  with  persistence  a very  considerable  improve- 
ment in  the  vision  is  sometimes  obtained. 

CHAPTER  VII. 

APPLIED  REFRACTION. 

i 

The  use  of  mydriatics  and  cycloplegics. 

A distinction  is  to  be  made  between  mydriatics  and  cycloplegics, 
although  the  drugs  representing  both  agents  are  often  included  un- 
der the  one  term — mydriatics. 

A mydriatic  drug  dilates  the  pupil,  and  has  but  little  or  no  effect  on 
the  accommodation.  Euphthalmin  and  cocain  are  the  best  exam- 
ples. 

A cycloplegic  panalyzes  the  acconwiodation  and  in  addition  it  di- 
lates the  pupil,  so  having  a double  effect,  “cycloplegic,”  and  “my- 
driatic,” Atropin  sulphate  and  scopolamtn  hydrochlorate  are  the 
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most  effective.  There  are  drugs  also  that  give  full  mydriatic  effect, 
but  possess  only  partial  eycloplegie  action,  the  best  example  of  which 
is  homatropin  hj^drobromate.  Many  surgeons  claim  full  cycloplegi(^ 
action  for  this  drug  when  used  in  cumulative  instillations,  as  is  the 
custom  in  most  instances. 

It  is  the  practice  of  most  ophthalmic  surgeons  in  correcting  errors 
of  refraction  to  make  use  of  a mydriatic  or  a cycloplegic  in  all  pa- 
tients (with  few  exceptions)  under  forty  years  of  age;  and  some 
surgeons,  sorry  to  say,  frequently  use  cycloplegics  in  older  subjects. 
In  other  words,  the  rule  is  to  use  cycloplegics  in  patients  under  forty 
years  of  age,  and  the  exception  is  not  to  employ  them. 

The  writer’s  individual  practice  is  just  the  reverse  of  this,  that  is 
to  use  a cycloplegic  is  the  exception. 

In  patients  over  forty  years  of  age  he  almost  never  uses  a cyclo- 
plegie  and  onlj'’  occasionally  a mydriatic  for  fundus  examination. 

In  patients  under  fourteen  years  of  age,  in  strabismus  patients,  in 
all  patients  where  the  vision  cannot  be  brought  to  near  the  normal, 
or  where  a fundus  lesion  is  suspected  it  is  the  writer’s  practice  to  use 
a mydriatic  or  a cycloplegic,  but  otherwise  not.  That  is  to  say,  it  is 
the  exception  and  not  the  rule  to  make  use  of  cycloplegics. 

It  is  believed  that  fewer  surgeons  now  than  formally,  resort  to  the 
old  routine  method  of  using  cycloplegics  in  every  case  of  refraction, 
presbyopes  excluded,  being  content  to  use  simple  mydriatics  (as 
cocain  and  euphthalmin),  or,  as  is  more  commonly  the  case,  the 
pseudo-cycloplegic,  homatropin,  either  singly  or  in  combination  with 
cocain,  in  most  cases;  true  cycloplegics,  as  atropin  sulphate,  being 
reserved  for  exceptional  cases  of  spasm  of  the  ciliary  muscle. 

Where  skiascopy  is  depended  on  chiefly  as  the  objective  test,  cy- 
cloplegia  or  at  least  mydriasis  must  be  had  in  order  to  use  the  test 
for  astigmatism  to  the  best  advantage.  But  this  is  not  the  case  with 
keratometry,  for  here  the  test  for  astigmatism  can  be  as  well  made 
without  a mydriatic  as  with  it. 

Of  course  subjective  tests  must  be  made  in  all  cases  where  the  pa- 
tients are  capable  of  responding  to  them. 

In  difficult  cases  one  should  employ  all  of  the  objective  tests— 
keratometry,  phakometry,  skiascopy,  an,d  the  ophthalmoscope,  to- 
gether with  the  subjective  tests,  and  in  addition  use  a real  cycloplegic, 
atropin  or  scopolamin. 

The  chief  reason  for  the  lessened  use  of  cycloplegics  in  testing  for 
errors  of  refraction  has  been  brought  about  by  the  improved  objec- 
tive method  (keratometry)  of  measuring  the  amount  and  axis  of  the 
corneal  astigmatism ; and  also  in  the  last  few  years,  through  the  im- 
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proved  objective  method  of  measuring  the  lenticular  astigmatism 
(phakometry)  by  means  of  Souter’s  improved  and  practical  instru- 
ment the  ophthalmo-phakometer.  This  instrument  is  constructed 
on  the  same  principle  as  that  of  Tscherning,  but  has  been  made  a 
practical  office  instrument. 

With  these  two  objective  methods  for  measuring  astigmatism, 
which  is  the  most  important  problem  in  correcting  errors  of  refrac- 
tion, there  will  be  even  less  call  for  cycloplegics,  in  the  writer’s  opin- 
ion, in  refractive  work. 

[As  just  stated  by  the  writer,  this  is  not,  however,  the  opinion 
expressed  nor  the  procedure  adopted  by  the  majority  of  Ameri- 
can ophthalmologists  who  are  authorities  on  this  subject.  See,  for 
example,  de  Schweinitz  {Diseases  of  the  Eye,  7th  Ed.,  p.  150)  ; Duane 
(Puch’s  Text-Book  of  Ophthalmology,  Fifth  Edition,  p.  901)  ; Weeks 
{Treatise  on  Diseases  of  the  Eye,  p.  682)  and  Ball  {Modern  Ophthal- 
mology, Fourth  Ed.,  p.  733).  Edward  Jackson  {Manual  of  Diseases 
of  the  Eye,  p.  127)  sums  up  the  arguments  and  gives  the  indications 
for  the  employment  of  c^mloplegics  and  mydriatics  in  measuring 
refractive  errors  in  these  words;  “The  use  of  a cyeloplegic  is  nec- 
essary wdienever  it  is  desired  to  make  a complete  study  and  accurate 
measurement  of  the  refraction  in  a patient  under  fifty  years  of  age. 
Without  it  the  refraction  can  be  guessed  at,  often  correctly.”  See, 
also,  Cyeloplegic,  p.  3641  Vol.  V,  of  this  Encyclopedia. — Ed.] 

Before  instilling  a cyeloplegic  or  a mydriatic  into  the  eye  of  an 
adult  the  tension  should  be  taken.  If  there  is  any  increase  of  ten- 
sion mydriatic  drugs  must  not  be  used.  After  using  mydriatics  and 
cycloplegics  it  is  a good  plan  to  instill  a drop  of  a one  per  cent,  solu- 
tion of  pilocarpin,  or  a drop  of  one-fifth  of  one  per  cent,  solution 
of  eserin  into  the  eyes.  This  diminishes  the  danger  of  inducing 
glaucoma,  and  also  contracts  the  pupil,  thereby  lessening  the  discom- 
fort of  the  patient. 

The  following  are  the  chief  mydriatic  and  cyeloplegic  drugs  used 
in  ophthalmic  practice. 

Atropin  sulphate.  This  is  most  commonly  used  in  a solution  4 
grains  to  the  ounce,  for  adults,  and  one-half  to  one-fourth  that 
strength  for  children,  the  instillations  being  made  by  the  cumulative 
method,  or  extending  over  days,  as  the  surgeon  prefers  and  the  pa- 
tient can  arrange  for. 

One  drop  of  such  solution  instilled  into  the  eyes,  consecutively,  10 
minutes  apart,  for  forty  minutes  will,  as  a rule,  produce  complete 
paralysis  of  the  accommodation  at  the  end  of  two  hours  from  the 
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time  the  instillations  were  begun,  when  the  test  for  glasses  may  be 
made. 

In  children  and  patients  not  pressed  for  time,  one  drop  of  the  so- 
lution instilled  into  the  eyes  three  times  a day  for  two  or  three  days 
usually  aecomplishes  full  paralysis,  though,  in  exeeptional  cases,  it 
may  be  required  to  extend  the  use  of  the  drops  over  several  days  or 
a week. 

The  effect  of  the  drug  on  the  accommodation  and  the  pupil  does 
not  pass  off  until  a week  or  two  weeks,  according  to  the  number  of 
instillations  made. 

Scopolamin  h^jdrohromate  is  a powerful  cycloplegic  employed  in 
a solution,  2 grains  to  the  ounce,  for  adults  and  half  that  strength 
for  children.  Used  in  the  cumulative  method  (one  drop  every  ten 
minutes  for  forty  minutes)  it  produces  complete  paralysis  of  ac- 
commodation in  one  hour  from  the  first  instillation. 

In  the  author’s  experience  one-half  the  strength  as  advised  above, 
has  been  found  effective.  Quite  distressing  symptoms  follow  at 
times  and  it  should  be  used  most  carefully.  Its  effects  wear  off  in 
three  or  four  days — ^less  than  one-half  the  time  required  following 
atropin  cycloplegia,  which  is  of  advantage.  Furthermore,  it  is 
claimed  by  Raehlmann  that  it  does  not  increase  the  tension  of  the 
eye.  This  latter  point,  however,  has  not  been  fully  established. 

Hyoscyamm  mlphate  in  a solution  of  two  grains  to  one  ounce,  used 
as  atropin  by  the  cumulative  method,  causes  complete  cycloplegia  in 
about  one  hour’s  time.  Its  effect  wears  off  in  6 to  8 days. 

Dubcnsin  sulphate  in  solution  of  4 grains  to  1 ounce,  used  by  the 
cumulative  method,  produces  complete  cycloplegia  in  about  one  hour  s 
time.  The  effect  wears  off  in  from  6 to  7 days.  This  drug  should 
be  used  with  care  as  its  toxic  properties  are  strong,  and  it  may  cause 
distressing  symptoms, 

Daturia  sulphate  in  solution,  2 grains  to  the  ounce,  used  by  the 
cumulative  method,  produces  complete  cycloplegia  in  about  one  hour. 

Its  effect  wears  off  in  8 to  10  days. 

Hcymatropin  hydrohromate  may  be  classed  as  a partial  or  pseudo- 
cycloplegic.  Where  there  is  a tendency  to  spasm  of  the  accommoda- 
tion it  is  not  effective  and  is  not  to  be  relied  upon.  It  should  be  used 
in  solution,  12  to  15  grains  to  the  ounce,  by  the  cumulative  method, 
one  drop  every  ten  minutes  for  one  hour.  At  the  end  of  two  hours 
from  the  first  instillation  its  maximum  effect  on  the  accommodation 
is  exerted,  and  the  test  for  glasses  may  be  begun.  Many  surgeons 
combine  the  use  of  cocain  (2  to  4 per  cent,  solution)  with  that  of 
the  homatropin;  or  combine  the  cocain  and  homatropin  in  tablet 


10992 


REFRACTION  AND  ACCOMMODATION 


form,  and  are  of  the  opinion  that  the  cyeloplegia  is  made  more  com- 
plete by  this  method  (Casey  Wood), 

Opposed  to  this  view  of  the  combination  of  homatropiu  and  eoeain, 
de  Sehwenitz  regards  “the  addition  of  eoeain  to  the  solution  as  a 
distinct  disadvantage.” 

After  the  use  of  homatropin,  the  patient  should  have  a drop  of  a 
1 per  cent,  solution  of  pilocarpin,  or  eserin  solution,  1 grain  to  the 
ounce,  instilled  into  the  eyes  before  he  leaves  the  office.  Plain  smoked 
glasses  should  be  worn  until  the  effect  of  the  drug  has  disappeared, 
which  requires  about  48  hours. 

Mydriatics. 

Cocain  muriate  in  4 per  cent,  solution  is  the  most  widely  used  my- 
driatic. One  drop  of  the  solution  instilled  into  the  eyes  and  repeat- 
ed in  five  minutes  will  produce  mydriasis  in  twenty  minutes’  time. 
If  the  strength  of  the  solution  is  increased  or  if  the  4 per  cent,  solu- 
tion is  used  too  frequently  it  causes  desquamation  of  the  corneal  epi- 
thelium and  prevents  a clear  view  of  the  fundus.  A 4 per  cent,  so- 
lution of  cocain  used  in  combination  with  a weak  solution  of  homa- 
tropin (2  grains  to  one  ounce)  effects  a quick  and  almost  complete 
mydriasis  in  fifteen  or  twenty  minutes.  After  the  examination  is 
made,  to  lessen  the  discomfort  of  the  patient,  one  drop  of  one  per 
cent,  solution  of  pilocarpin  muriate  should  be  instilled  into  the  eyes. 
Drying  of  the  corneal  epithelium  by  the  cocain  may  be  prevented  if 
the  patient  will  keep  his  e3'^es  closed  most  of  the  time  while  waiting 
for  the  mydriatic  effect  of  the  drug, 

Euplithalmin  in  five  per  cent,  solution,  used  after  the  manner  of 
cocain  solution,  produces  wide  mydriases  in  twenty  minutes.  If  com- 
bined with  one  drop  of  a four  per  cent,  solution  of  cocain,  the  effect 
is  both  quickened  and  increased.  After  using  it,  pilocarpin  should 
be  instilled  before  the  patient  leaves  the  office, 

TJie  different  methods  of  measuring  refractive  errors. 

Subjective  tests.  The  chief  subjective  test  is  that  made  with  the 
test-types  of  Snellen,  or  with  broken  circles  (Landolt,  Jackson),  or, 
in  cases  of  illiterates  and  children,  with  figures  or  drawings  of  fa- 
miliar objects. 

For  ascertaining  the  axes  of  astigmatism,  the  various  astigmatic 
charts.  Green’s,  Wallace’s  (p.  2297,  Vol.  Ill),  Verhoeff’s  (p.  4740, 
Vol.  VI)  and  others;  and  astigmatic  letters  (Fray’s,  p.  10334,  Vol. 
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XIII;  as  well  as  p.  2012,  Vol.  Ill  of  this  Encyclopedia).  The  cross 
cylinder  and  astigmatic  lens  (Jackson)  are  used.  See  p.  4641,  et  seq., 
Vol.  VI  of  this  Encyclopedia. 

Visual  acuteness.  The  acuteness  of  vision  is  the  function  of  the 
nervous  structure  of  the  retina  (chiefly  the  macular  region)  and 
is  concerned  in  the  perception  of  the  form  and  size  of  objects.  It 
was  with  the  object  of  having  a uniform  or  standard  test  for  the 
acuteness  of  vision  that  Snellen  made  his  test-types.  He  constructed 
his  test-letters  so  that  each  stroke  of  the  letter  subtends  an  angle  of 
one  minute,  and  the  whole  letter  subtends  an  angle  of  five  minutes. 
See  Examination  of  the  eye,  p.  4641,  Vol.  VI  of  this  Encyclopedia. 

The  ability  to  distinguish  letters  subtending  such  angle  (5  min- 
utes) according  to  Snellen  represents  normal  acuteness  of  vision. 

As  the  visual  angle  is  the  angle  formed  between  the  two  lines  drawn 
from  the  opposite  extremities  of  an  object  to  the  nodal  point  of  the 
eye,  at  which  point  the  lines  cross  and  continue  to  the  retina,  with- 
out deflection,  it  is  apparent  that  the  farther  removed  the  object  the 
larger  must  it  be  in  order  to  be  seen.  The  length  of  the  eye  itself 
also  has  a bearing  on  the  size  of  the  image  of  an  object  falling  on 
the  retina.  The  image  of  an  object  situated  at  the  same  distance  in 
front  of  a hypermetropic  eye  will  be  smaller  than  for  an  emmetropic 
eye,  and  in  turn  the  image  for  the  emmetropic  eye  will  be  smaller 
than  that  for  a myopic  eye. 

However,  if  the  refractive  error  be  corrected,  the  same  sized  ob- 
ject will  be  seen  the  same  distance  from  the  eye,  provided  of  course, 
that  the  perceptive  power  of  the  eyes  is  the  same.  When  the  object 
is  removed  to 'such  a distance  that  the  visual  angle  is  so  small  that 
the  retinal  images  of  the  object  cannot  be  perceived,  the  limit  of 
perception  has  been  reached.  The  anatomic  structure  of  the 
retina  has  a bearing  on  the  limit  of  perception,  as  it  has 
been  found  by  experiment  that  the  shortest  distance  between 
two  points  on  that  membrane  which  can  be  perceived  is  about 
0.00433  mm.,  that  is,  equals  about  twice  the  diameter  of  a retinal 
cone.  At  the  macular  region  the  cones  are  smaller  in  diameter, 
about  0.0033  mm.,  or  even  0.002  mm.,  consequently,  in  this  region 
smaller  retinal  images  can  be  perceived  than  at  the  periphery  of  the 
retina,  assuming  that  each  cone  is  capable  of  perceiving  a point  of 
light.  Images  of  smaller  diameter  than  0.002  mm.,  therefore,  can- 
not be  distinguished,  even  at  the  macular  region. 
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Tests  for  the  acuteness,  of  vision. 

The  most  common  test-letters  employed  for  testing  the  acuteness 
of  vision  are  those  of  Snellen.  The  test  card  should  be  hung  at  a 
distance  of  six  metres  (approximately  20  feet)  and  should  be  well 
illuminated,  preferably  by  artificial  light,  as  this  is  uniform  in  in- 
tensity. 

The  distance  of  six  metres  or  20  feet  is  considered  infinity,  and 
rays  of  light  coming  from  this  distance  are  a.ssumed  to  be  parallel  Avlieii 
they  reach  the  eye.  As  a matter  of  fact  they  are  slightly  diver- 
gent, but  the  resultant  en-or  (requiring  about  1/6  D.  glass,  as  ex- 
pressed in  diopters,  to  render  them  parallel)  may  be  disregarded  in 
practice. 


D X 2 

T C £ 3 
4 

Z*A  d T K 5 

M B 


T * » t C 

r« 


rig.  23.  Snellen  Test-types. 


As  originally  constructed,  Snellen’s  test-card  had  seven  rows  of 
letters  on  it,  the  largest  at  the  top,  the  smallest  at  the  bottom,  each 
row  being  marked  at  the  distance  at  which  it  should  be  seen.  For 
instance,  the  top  row  should  be  seen  at  sixty  metres,  or  two  hundred 
feet,  the  next  row  at  thirty-six  metres,  2Lnd  so  on  down  to  the  bot- 
tom row  which  should  be  seen  at  six  metres,  or  twenty  feet. 

The  smallest  letter  distinctly  read  shows  the  acuteness  of  vision  of 
the  patient:  e.  g.,  say  the  patient  can  read  only  the  top  line,  it  is 
expressed  as  follows— 6/60  metres  or  20/200  feet— the  numerator 
of  the  fraction  showing  the  distance  at  which  it  is  read  and  the 
denominator  the  number  of  the  line,  and  this  expresses  the  patient  s 
acuteness  of  vision,  showing  that  he  sees  at  20  feet  what  he  should 
see  at  200  feet,  or  that  the  vision  equals  but  1/10  what  the  normal  eye 
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should  have.  If  the  second  line  is  read  it  should  be  marked  V ==  6/30 
or  20/100,  and  if  the  seventh  or  bottom  line  is  read  it  is  marked 
6/6  or  20/20,  which  equals  1,  that  is  normal  or  unity  vision. 


Fig.  24.  Landolt’s  and  Jackson’s  Broken  Circles. 


It  has  been  found  in  practice,  however,  that  many  individuals  can 
read  smaller  letters  than  those  marked  on  the  seventh  line  of  the 
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tlciTZ  Test  Chart 


S)<S>-0©  Ojjo 


Fig.  26.  Familiar  Objects. 

4 


• • 


Fig.  27.  Fridenberg’s  Modification  of  Snellen  Test-type. 


REFRACTION  AND  ACCOMMODATION 


10997 


original  Snellen  types,  consequently  two  additional  lines  have  been 
added,  8 and  9,  marked  respectively  6/4  or  20/15;  and  6/3  or  20/10. 
The  vision  of  a patient  who  reads  the  eighth  line  would  be  recorded 
V = 6/4  or  20/15 ; and  the  ninth  line  would  be  6/3  or  20/10. 


Pig.  28.  Green’s  Clock-dial. 


Figures  29,  30,. 31,  32  and  33.  Verhoeff’s  Dials. 

Instead  of  adding  these  two  extra  lines  to  the  Snellen  test-types, 
which  are  constructed  on  a ratio  of  5 minutes  of  visual  angle  to 
each  letter,  other  test-types  (Wallace)  have  been  constructed  on  a 
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ratio  of  4 minutes  of  visual  angle  to  subtend  each  letter  at  the  dis- 
tance designated  on  the  cards.  In  this  way  the  letters  are  relatively 
smaller  than  the  Snellen  letters  in  each  row,  and  come  nearer  rep- 
resenting the  average  normal  acuteness  of  vision. 

In  case  the  patient  cannot  see  the  largest  top  letter,  the  letter  is 
advanced  toward  the  patient,  or  the  patient  moved  toward  the  test- 
types,  as  is  found  most  convenient.  If  the  patient  reads  the  letter  at 
three  metres  or  ten  feet  it  is  recorded  V = 3/60  or  10/200,  and  so 
on  as  long  as  the  large  top  letters  can  be  seen  at  all.  AVhen  this 


Fig.  34.  Fray’s  Letters. 


letter  cannot  be  seen  the  fingers  are  held  up  at  varying  distances 
in  front  of  the  patient,  and  t)ie  result  recorded. 

Should  the  patient  be  unable  to  count  fingers,  the  hand  is  held  in 
front  of  him  and  the  distance  it  is  perceived  noted.  If  the  pa- 
tient cannot  recognize  form  (qualitative  light)  then  his  ability  to 
perceive  light  (quantitative  light)  should  be  tested  by  alternately 
shading  and  exposing  the  eye  to  light,  or  by  intermittingly  reflect- 
ing or  focusing  light  into  the  pupil.  These  results  are  recorded  as 
follows,  V = PL,  V = shadows,  or  if  light  is  not  recognized  at  all 
V 0. 
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CHAPTER  VIII. 

OBJECTIVE  TI3STS. 

The  vse  of  the  ophthalmoscope. 

To  become  proficient  in  the  use  of  the  ophthalmoscope  requires  a 
great  deal  of  practice,  especially  is  this  so  with  the  ordinary  ophthal- 
moscope where  the  light  is  from  an  outside  source ; and,  until  the  tilt- 
ing mirror  was  added  to  the  instrument,  it  was  even  more  difficult  to 
keep  the  pupil  of  the  eye  under  examination  illuminated,  since  the 
instrument  had  to  be  held  obliquely  to  the  light,  and  the  sight-hole 
looked  through  at  an  angle.  With  the  introduction  of  the  electric 
ophthalmoscope  the  examination  of  the  fundus  of  the  eye  became  a 
much  easier  matter,  because  here  the  source  of  light  is  from  within  the 
instrument  itself,  and  moves  synchronously  with  each  motion  of  the 
instrument. 

The  electric  ophthalmoscope  is  particularly  valuable  in  examining 
patients  who  are  confined  to  their  beds,  also  infants  and  patients  who 
from  any  cause  are  not  very  quiet.  Beginners  in  the  practice  of  oph- 
thalmology, and  general  practitioners  who  desire  to  learn  the  use  of  the 
ophthalmoscope  will  find  the  electric-lit  instrument  most  practical,  and 
the  correct  method  of  using  it  easily  acquired.  With  the  older  instru- 
ment where  the  light  is  from  an  outside  source,  each  movement  of  the 
mirror  must  be  so  made  that  the  light  is  directed  on  the  mirror,  and 
the  reflected  light  from  the  mirror  at  the  same  time  directed  into  the 
eye  of  the  patient,  the  co-ordination  being  nceessary  to  have  a proper 
illumination  of  the  interior  of  the  eye — not  an  easy  task,  even  for  an 
expert,  when  the  pupil  of  the  eye  is  small,  or  the  patient  restless. 
Beginners  should  first  practice  on  a schematic  eye,  and  then  on  the 
living  sub.iect  with  the  pupils  widely  dilated. 

Two  methods  of  using  the  ophthalmoscope  are  available,  the  direct 
and  the  indirect.  [This  subject  has  also  been  discussed  on  p.  4748, 
Vol.  VI  and  under  Ophthalmoscope  and  Ophthalmoscopy  in  this  En- 
cyclopedia.^ 

The  direct  method.  By  this  method  the  eye  is  examined  with  the 
ophthalmoscope  without  interposing  an  objective  lens  between  the  in- 
strument and  the  observed  eye  (see  Fig.  35).  The  image  of  the  il- 
luminated portion  of  the  fundus  of  the  eye  is  seen  in  the  erect  position, 
and  as  a virtual  image.  The  rays  of  light  from  the  ophthalmoscopic 
mirror  (which  is  usually  slightly  concave)  enter  the  eye  convergently, 
cross  and  reach  the  retina  of  the  eye  while  diverging.  These  rays  of 
light  are  reflected  back  from  the  fundus  of  the  observed  eye  into  the 
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eye  of  the  observer.  If  the  examined  eye  happens  to  be  emmetropic 
the  returning  rays  emerge  parallel;  if  hypermetropic  the  returning 
rays  are  divergent ; if  myopic  the  returning  rays  are  convergent. 

If  the  observer ’s  eye  is  emmetropic  and  his  accommodation  relaxed, 
he  will  obtain  a clear  image  of  the  emmetropic  eye  examined : he  will 
also  obtain  a clear  image  of  the  hypermetropic  eye,  either  by  using  his 
own  accommodation  sufficiently  to  bring  to  a parallel  position  the 
divergent  rays  emanating  from  the  hypermetropic  eye,  or  by  rotating 
a plus  lens  of  sufficient  strength  back  of  the  sight-hole  of  the  instru- 
ment to  accomplish  the  same  purpose ; if  the  examined  eye  is  myopic 


Fig.  35.  Ophthalmoscopy.  Direct  Method. 

the  emmetropic  observer  must  rotate  a minus  lens  of  sufficient  strength 
back  of  the  sight-hole  to  render  the  emerging  convergent  rays  parallel. 

Should  the  observer  not  be  emmetropic  he  should  wear  correcting 
glasses  when  making  the  examination,  or,  if  he  have  only  a simple 
hypermetropia  or  myopia,  he  may  proceed  to  examine  the  eye  as  be- 
fore, turning  on  plus  or  minus  lenses  until  he  finds  one  that  enables 
him  to  see  the  fundus  clearly.  If  he  himself  is  hypermetropic  and  the 
observed  eye  is  hypermetropic  the  difference  between  his  own  error 
(which  he  should  know  beforehand,  and  which  we  will  assume  to  be 
-f  1 D.)  and  the  plus  glass  it  requires  to  see  the  fundus  of  the  observed 
eye  plainly  (say  a -f-  4 D.)  will  show  the  amount  of  hypermetropia 
present  in  the  observed  eye.  In  this  instance  it  would  be  + 4 — (+  1) 
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equals  + 3 D.  If  it  required  — 4 D.  to  see  the  fundus  of  the  examined 
eye  the  patient  would  really  have  5 D.  of  myopia.  That  is,  a hyper- 
metropic observer  must  deduct  his  own  hypermetropia  from  that  of  a 
hypermetropic  patient  and  add  it  to  a myopic  patient’s  correction. 

The  reverse  is  true  if  the  examiner  happens  to  be  myopic.  Here  the 
observer  must  add  the  strength  of  his  own  correction  to  that  of  the 
observed  eye  if  it  is  hypermetropic  and  deduct  it  when  the  observed 
eye  is  myopic. 

It  is  advisable,  however,  that  the  surgeon  should  wear  his  own  cor- 
rection when  examining  patients,  since  in  this  way  errors  are  avoided, 
especiaUy  with  beginners.  Or  it  is  possible  to  have  one’s  correction 
put  in  a grooved  slot  on  the  back  of  the  ophthalmoscope  which  can  be 
slid  into  position  back  of  the  sight-hole  when  a close  estimation  of  re- 
fractive errors  is  made. 

In  using  the  direct  method  the  observer  should  hold  the  ophthal- 
moscope (upper  extremity)  against  his  brow  with  the  sight-hole  in 
front  of  his  eye  and  come  as  near  as  possible  to  the  eye  examined  with- 
out touching  the  face  of  the  patient,  say  to  within  a half-inch  of  the 
front  of  the  eye.  The  closer  the  observer  can  come  to  the  eye  under 
observation  the  better  view  is  to  be  obtained,  because  with  the  direct 
method  only  a small  portion  of  the  fundus  can  be  seen  at  one  time. 

That  portion,  however,  which  is  seen  is  much  more  magnified  than 
when  examined  by  the  indirect  method ; for  instance,  images  are 
magnified  about  16  or  17  times,  the  magnification  being  slightly  greater 
in  myopia  than  in  hypermetropia.  The  optic  nerve  by  actual  measure- 
ment is  about  1.5  mm.  in  diameter,  yet,  when  viewed  with  the  oph- 
thalmoscope by  the  direct  method,  it  is,  as  above  stated,  magnified 
16  or  17  diameters. 

The  itidirect  method.  Here  a positive  or  plus  lens  (-f-  12  D to  [ 
18  D.)  is  held  between  the  examiner  and  the  eye  under  observation 
the  lens  being  held  at  about  its  focal  length  in  front  of  the  eye  of  the 
patient.  The  observer  at  the  same  time  rotates  a plus  lens  (3  D.  or 
4 D.)  back  of  the  sight-hole  of  the  ophthalmoscope.  A much  wider 
portion  of  the  fundus  is  brought  into  view  by  this  method  than  by  the 
direct,  though  not  so  highly  magnified,  as  in  the  former  (about  five 
diameters  in  the  indirect  and  about  17  diameters  in  the  direct  method). 
The  image  seen  is  a real  and  an  inverted  one,  and  is  situated  at  the 
focus  of  the  lens  held  in  front  of  the  patient’s  eye. 

The  observer  moves  his  own  head  backward  and  forward,  or  moves 
the  objective  lens  slightly  backward  and  forward,  until  a clear  view 
of  the  fundus  is  obtained.  The  light  should  be  back  of  the  patient, 
slightly  above  and,  as  a rule,  on  the  side  corresponding  with  the 
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eye  under  examination  (on  the  right  for  the  right  eye,  on  the  left  for 
the  left  eye)  though  this  is  not  absolutely  essential  in  the  indirect 
method  of  examination.  The  observer  also  should  be  on  the  same  side 
as  the  eye  examined,  and  at  an  angle  of  about  15  to  20  degrees  from 
the  meridian  plane  of  the  eye,  so  that  when  the  light  is  reflected  into 
the  eye  it  strikes  near  the  optic  disc ; the  objective  lens  is  then  inter- 
posed, and,  as  pointed  out  above,  by  slight  maneuvering  of  the  head 
backward  and  forward  and  shifting  the  interposed  lens,  the  optic  nerve 
or  some  of  the  larger  blood  vessels  are  brought  into  view.  After 
obtaining  a clear  image  the  patient  is  directed  to  look  up  and  down, 
right  and  left,  to  bring  all  parts  of  the  fundus  under  observation. 


Fig.  36.  Ophthalmoscopy.  Indirect  Method. 


This  is  a better  and  more  satisfactory  procedure  than  for  the  observer 
to  move  his  own  head. 

It  should  always  be  remembered  that  the  image  in  the  indirect 
method  of  examination  is  an  inverted  one.  For  instance,  when  look- 
ing at  the  optic  nerve,  the  upper  part  of  the  image  corresponds  to 
the  lower  part  of  the  nerve,  and  the  lower  part  of  the  image  to  the 
upper  part  of  the  nerve,  the  right  side  of  the  image  to  the  left  side 
of  the  nerve,  and  the  left  side  of  the  image  to  the  right  side  of  the 
nerve,  etc. 

In  examining  the  finer  details  of  the  fundus  the  direct  method  is 
superior  to  the  indirect  because  of  the  much  greater  magnification; 
also  in  measuring  errors  of  refraction  it  is  a much  more  accurate 
method  than  the  indirect,  in  fact  the  indirect  method  has  about  been 
given  up  as  a method  of  measuring  refractive  errors. 
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However,  in  high  degrees  of  myopia  or  when  there  is  much  haziness  of 
the  refractive  media,  the  indirect  method  is  to  be  preferred  to  the 
direct.  In  fact,  in  very  high  degrees  of  myopia,  the  indirect  method 
is  the  onl}’  satisfaetorj^  one  of  examination,  and  in  these  cases  it  is 
not  necessary  to  interpose  a lens  in  front  of  the  patient’s  eye.  For 
example,  in  a nnmpia  of  20  D.  an  inverted  real  image  would  be  formed 
two  inches  in  front  of  the  eye.  The  observer  with  a -f-  4 D.  lens  back  of 
the  aperture  on  the  ophthalmoscope  moves  his  head  backward  and  for- 
ward until  he  gets  a good  view  of  this  image.  If  the  examiner  wishes 
to  magnify  the  image  further  he  can,  of  course,  interpose  a lens,  as  is 
usual  in  this  method  of  examination. 

When  using  the  direct  method  of  examination  the  patient  should 
be  seated  on  a low  stool  in  a darkened  room  with  the  light  back  of  him 
and  slightly  to  the  side  (to  the  patient’s  right  or  left  according  as  it 
is  the  right  or  the  left  eye  which  is  being  examined),  and  about  on  a 
level  with  the  patient’s  eye.  The  light  may  be  a frosted  electric  bulb, 
an  argand  gas  burner,  an  oil  lamp,  or  even  a candle  if  nothing  better 
is  to  be  had. 

The  surgeon  should  sit  in  front  and  to  the  side,  facing  the  patient 
and  on  a slightly  higher  stool.  The  surgeon  should  examine  the 
patient’s  right  eye  with  his  right  eye,  and  the  patient’s  left  eye  with 
his  left  eye. 

The  patient  should  look  straight  ahead  with  both  eyes  open,  and  the 
surgeon  should  keep  both  of  his  eyes  open  when  making  the  examina- 
tion. By  leaving  both  eyes  open  both  the  surgeon  and  the  patient 
more  easily  relax  the  ciliary  muscles  and  avoid  spasm  of  the  accom- 
modation. The  surgeon  should  not  approach  too  closely  to  the  eye 
at  first,  but  start  at  a distance  of  from  fifteen  to  twenty  inches,  and, 
while  looking  through  the  aperture,  let  the  light  fall  into  the  eye  of 
the  patient  at  an  angle  of  about  15  degrees  to  the  temporal  side  of 
the  median  plane  of  the  eye  so  that  the  region  of  the  optic  disc  may 
be  illuminated ; and  before  approaching  near  the  eye  the  patient  should 
be  made  to  look  up,  down,  to  the  right,  and  to  the  left,  in  order  to 
detect  any  small  opacities  on  the  cornea  or  in  its  substance,  or  on  its 
posterior  layers,  or  any  opacities  in  the  crystalline  lens,  vitreous,  etc. 
Often  small  opacities  in  the  cornea,  crystalline  lens  and  vitreous  are 
overlooked  if  the  observer  approaches  very  close  to  the  examined  eye 
without  having  glanced  at  the  eye  first  at  a little  distance.  Any 
opacities  having  been  noticed,  a strong  plus  glass  may  be  rotated  back 
of  the  aperture  and  closer  inspection  of  the  opacities  made.  Oblique 
illumination  often  aids  in  locating  the  exact  position  of  the  opacity 
if  it  is  in  the  cornea,  lens  or  anterior  portion  of  the  vitreous,  or  the 
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observer  may  remain  15  to  20  inches  directly  in  front  of  the  patient 
and,  looking  through  the  aperture  of  the  instrument,  have  the  patient 
look  up  and  down,  right  and  left,  keeping  the  pupil  illuminated  all 
the  while,  and  by  noting  the  parallactic  displacement  of  the  opacity 
with  reference  to  the  border  of  the  pupil  its  location  may  be  de- 
termined. An  ophthalmoscopic  study  of  the  position  of  intraocular 
deposits  and  of  the  normal  parts  at  the  fundus  will  greatly  help  to 
teach  the  use  of  the  instrument  in  refraction  work. 

If  an  opacity  moves  in  the  same  direction  with  the  eye-movement 
and  approaches  the  border  of  the  pupil  in  that  direction  it  must  be 
situated  in  the  cornea;  if  the  opacity  remains  in  the  center  of  the 
pupil  it  must  lie  in  the  plane  of  the  pupil,  and  therefore,  be  on,  or  in, 
the  anterior  capsule  of  the  lens ; if  the  opacity  moves  in  the  opposite 
direction  from  the  motion  of  the  eye,  it  lies  in  the  crystalline  lens  on 
its  posterior  capsule,  or  in  the  vitreous.  The  more  deeply  situated 
the  opacity  the  more  quickly  will  it  approach  the  pupil  border  on  the 
opposite  side  to  the  movement  of  the  eye  itself,  and  if ^ the  eye  move- 
ment is  extensive  the  opacity  disappears  back  of  the  iris  border. 

By  having  the  patient  move  his  eye  rapidly  first  in  one  direction, 
then  another,  floating  opacities  in  the  vitreous  may  be  brought  into 
view;  or  if  a detachment  of  the  retina  is  present,  the  grayish  mass 
may  be  seen ; or  if  extensive  exudate  into  the  vitreous  has  taken  place, 
it  may  be  seen  while  the  observer  is  some  distance  from  the  eye  (12  to 
15  inches),  especially  with  a dilated  pupil.  Small  vitreous  opacities 
when  viewed  in  this  way  are  dark  or  black  in  appearance,  while  the 
larger  ones  are  grayish,  enough  light  being  reflected  from  them  to 
show  their  true  color.  To  observe  the  fine  opacities  it  is  necessary  to 
use  the  plane  mirror  and  a subdued  light.  The  larger  opacities  are 
to  be  studied  with  the  concave  mirror  and  a bright  light.  As  the 
eye  is  approached  plus  lenses  must  be  rotated  back  of  the  aperture  of 
the  ophthalmoscopic  mirror  to  get  a clear  and  magnified  image  of  the 
opacities,  the  intensity  of  the  illumination  being  chanpd  now  and 
then,  as  by  this  contrast  in  light  and  shade  the  opacities  are  better 

S66I1. 

Having  taken  a view  of  the  eye  at  a distance  the  observer  may 
approach  very  close  to  the  eye  keeping  the  pupil  illuminated  the  while. 
The  parts  to  be  observed  are:  (1)  The  optic  disc.  (Perhaps  it  ' 
ways  better  to  begin  the  examination  with  the  indirect  method  by  which 
a wider  and  more  comprehensive  view  of  the  fundus  is  to  be  had,  then 
to  follow  wnth  the  direct  method  and  examine  different  parts  of  the 
fundus  in  detail.)  The  first  appearance  of  the  optic  disc  or  nerve 
head,  is  that  of  a round  or  oval,  whitish  to  light  grayish-pink  spot. 
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surrounded  by  a deeper  pink  field,  the  reflex  from  the  choroid.  At 
the  center  of  this  disc  and  usually  extending  slightly  to  the  temporal 
side,  is  a depressed  white  spot,  the  phj^siologic  cup.  From  this  cup, 
nearer  the  nasal  side  than  the  temporal,  the  retinal  blood  vessels 
emerge.  In  young  subjects  the  physiologic  cup  may  be  lacking  or 
very  small,  while  in  older  persons  it  may  not  only  occupy  a space  near 
tlie  centre  of  the  disc,  but  may  extend  quite  to  the  temporal  border. 
As  a rule  the  physiologic  cup  occupies  but  a small  space  near  the 
center  of  the  disc  varying  in  depth  from  1 to  3 D.,  but  occasionally 
it  extends  (as  above  stated)  to  the  temporal  border  and  almost  to  the 
nasal  border,  and  may  have  a depth  of  3 to  4 D.  or  even  greater. 


Fig.  A.  Foeusing  of  the  Vessels  by  the  Meridians  of  an  Astigmatic  Eye. 

The  parallel  lines  on  each  vessel  represent  the  direction  of  the  meridians  through 
winch  a distinct  image  of  the  vessel  is  obtained,  (de  Schweinitz.) 

The  white  appearance  of  the  bottom  of  the  disc  is  due  to  the  light 
reflected  from  the  lamina  cribrosa,  and  the  white,  grayish  stippling  is 
due  to  the  lacunse  in  the  laminae. 

Frequently  surrounding  the  optic  disc  or  nerve  head  are  two  rings, 
a white  and  a pigment.  Often  they  are  incomplete  and  occupy  only 
the  temporal  side,  or  they  may  extend  completely  around  the  disc. 
The  white  ring  may  be  present  and  the  pigment  absent,  though  the 
partial  or  incomplete  white  ring  is  the  most  constant.  Especially 
is  this  the  case  in  myopic  eyes.  This  white  ring  surrounding  the 
optic  disc  is  the  edge  of  the  sclera  which  is  left  exposed  to  view  by 
the  choroid  not  coming  flush  up  to  the  optic  nerve,  as  does  the  sclera. 
The  outer  pigment  ring  which  is  often  incomplete,  irregular,  or  want- 
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iug  altogether,  is  choroidal  pigment  collected  at  this  position.  The 
retinal  vessels  emerge  from  the  center  of  the  optic  disc,  nearer  the 
nasal  side  than  the  temporal.  Usually  there  are  two  main  arteries 
and  two  main  veins  each  of  which  divides  into  two  main  branches, 
either  on  the  disc  or  shortly  after  leaving  it ; thus  two  large  arterial 
branches  extend  upward  and  two  downward,  and  in  like  manner  the 

veins. 

(2).  The  retiiittl  vessels.  From  the  nasal  side  of  the  disc,  and  also 
from  the  larger  vessels  near  the  disc,  a few  small  and  medium  sized 
vessels  are  given  oif,  which  extend  into  the  nasal  half  of  the  retina, 
and  from  the  larger  vessels,  both  above  and  below,  and  on  each  side 
of  the  fundus,  smaller  vessels  are  given  otf  which  approach  each  other 
on  the  temporal  side  towards  the  macula,  but  not  extending  over  it. 

The  above  ophthalmoscopic  appearances  of  the  disc  and  retinal 
blood-vessels  are  given  in  detail,  since  they  are  the  landmarks  by 
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Fie  37  Showing  how  Lines  are  Seen  by  Eays  of  Light  that  ^rike  them 
from  Side  to  Side,  a,  a',  and  not  by  Rays  that  Strike  them  at  their  Ends,  b,  b . 


which  we  estimate  the  refraction  of  the  eye.  The  edges  of  the  disc 
and  the  medium-sized  vessels  are  selected  for  observation  when  mak- 
ing the  measurements.  As  indicated  above,  simple  hypermetropia 
and  myopia  are  not  difficult  to  measure,  and  in  most  cases  can  be 
estimated  to  within  50  D.  to  1 I),  of  the  total  error  if  made  with 
the  proper  surroundings.  The  estimation  of  astigmatism  with  the 
ophthalmoscope  is  more  difficult,  and  requires  much  experience  and 
practice  to  arrive  at  anything  like  accurate  results.  The  direct 

method  is  the  one  generally  employed. 

As  the  edges  of  the  disc  and  the  retinal  blood  vessels  are  the  ob- 
jective points  observed  in  making  these  measurements  it  is  well  to 
state  just  how  they  are  brought  into  view.  The  edges  of  the  disc  and 
the  retinal  vessels  may  be  considered  as  lines;  and  a line  is  seen  by 
means  of  the  rays  of  light  that  strike  it  from  side  to  side  and  not  from 
its  longitudinal  direction;  a glance  at  figures  37  and  38  shows  this 
clearly. 

Vertical  lines  and  what  amounts  to  the  same  thing  in  the  eye,  the 
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lateral  sides  of  the  optic  disc  and  the  vertical  retinal  vessels,  are  seen 
by  rays  of  light  that  strike  them  from  side  to  side;  and  this  means 
that,  in  the  eye,  the  vertical  vessels,  and  the  lateral  margins  of  the 
disc,  are  seen  by  the  rays  passing  through  the  horizontal  meridian 
of  the  cornea,  and,  vice  versa,  that  the  horizontal  vessels  and  the 
upper  and  lower  edges  of  the  disc  are  seen  by  the  rays  of  light  which 
pass  through  the  vertical  meridian  of  the  cornea. 

In  large  amounts  of  astigmatism  (except  in  those  cases  of  mixed 
astigmatism  where  the  hypermetropic  and  myopic  errors  are  about 
equal  in  amount)  the  whole  disc  is  drawn  out  into  an  oval,  the  long 
axis  of  the  oval  being  coincident  with  the  meridian  of  greatest  re- 
fraction. 

h 


t 

a 

t 

a 

/ 

a 

/ 

a 

! 

a 


b 

Fig.  38.  Showing  how  Vertical  Lines  are  Seen  by  Bays  of  Light,  o,  o',  that 

Strike  them  from  Side  to  Side. 

It  is  well  to  bear  this  in  mind,  because  the  strongest  plus  glass  in 
the  ophthalmoscope  with  which  the  vertical  retinal  vessels  can  be 
seen  distinctly  is  a measure  of  the  hypermetropia  in  the  horizontal 
meridian,  and  the  strongest  -|-  glass  with  which  the  horizontal  vessels 
can  be  seen  measures  the  hypermetropia  in  the  vertical  meridian.  If 
these  two  measurements  are  the  same  it  is  a case  of  simple  hyper- 
metropia, but  if  unequal,  it  shows  astigmatism  to  be  present,  and  the 
difference  between  the  reading  in  the  vertical  and  horizontal  meri- 
dians, is  the  degree  of  the  astigmatism. 

Likewise  in  myopic  refraction,  the  difference  in  the  strength  of  the 
weakest  minus  glass  with  which  the  vertical  and  horizontal  retinal 
vessels  can  be  seen  plainly  represents  the  amount  of  astigmatism 
present.  Some  examples  will  make  the  matter  plain. 

(1)  Simple  hypermetropic  astigmatism  with  the  rule  of  2 D.  Here 
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the  lateral  edges  of  the  disc  and  the  vertical  blood  vessels  should  be 
seen  with  -f-  2 D.  lens  back  of  the  sight  hole  in  the  ophthalmoscope, 
which  would  indicate  hypermetropia  of  2 D.  in  the  horizontal  meri- 
dian of  the  eye ; while  the  upper  and  lower  edges  of  the  disc,  and  the 
horizontal  vessels,  should  be  seen  plainly  with  the  aperture,  indicating 
emmetropia  in  the  vertical  meridian.  And  the  difference  between 
2 D.  and  0 = 2 D.,  which  is  the  degree  of  astigmatism  present. 

(2)  Compound  hypermetropic  astigmatism  with  the  rule,  H = 2 D. 
at  90  degrees,  and  4 D.  at  180  degrees.  Here  the  lateral  edges  of  the 
disc  and  the  vertical  vessels  should  be  seen  with  a -j-  4 D.  lens  back  of 
the  aperture,  and  the  upper  and  lower  edges  of  the  disc  and  the  hori- 
zontal vessels  with  a -f-  2 D.  lens.  The  difference  between  4 D.  and 
2 D.  ==  2 D.,  the  amount  of  the  astigmatism. 

(3)  Simple  myopic  astigmatism  with  the  rule  2 D.  axis  180  degrees. 
Here  the  lateral  edges  of  the  disc  and  the  vertical  retinal  vessels 
should  be  seen  through  the  aperture,  while  it  requires  a — 2D.  lens  to 
see  plainly  the  upper  and  lower  edges  of  the  disc  and  the  horizontal 
retinal  vessels. 

(4)  Compound  myopic  astigmatism  with  the  rule,  myopia  4 D.  at 
90  degrees  and  2 D.  at  180  degrees.  Here  the  lateral  edges  of  the 
disc  and  vertical  vessels  should  be  seen  with  — 2D.  lens  back  of  the 
aperture,  and  the  upper  and  lower  edges  of  the  disc  and  the  hori- 
zontal vessels  should  be  seen  with  — 4 D.  lens.  The  difference  be- 
tween 4 D.  and  2 D.  = 2 D.,  the  amount  of  the  astigmatism. 

(5)  Mixed  astigmatism  with  the  rule  2 D.,  myopia  1 D.  at  90  degrees 
and  hypermetropia  1 D.  at  180  degrees.  Here  the  lateral  edges  of  the 
disc  and  the  vertical  vessels  should  be  seen  with  a + 1 D-  lens  back 
of  the  aperture,  while  the  upper  and  lower  edges  of  the  disc  and  the 
horizontal  retinal  vessels  with  a — ID.,  the  total  amount  of  the  astig- 
matism being  2 D. 

In  the  above  examples  it  is  assumed  that  accommodation  in  both  the 
examined  and  the  examiner’s  eye  is  relaxed.  Furthermore,  be  it  re- 
membered that  the  strongest  plus,  and  the  weakest  minus,  lens  with 
which  the  landmarks  of  the  disc  and  the  retinal  vessels  are  seen  in 
the  measure  of  the  error  of  refraction,  and  the  meridian  at  right 
angles  to  the  vessels  under  observation  is  the  meridian  measured. 

When  the  axes  of  the  astigmatism  run  in  oblique  directions,  that  is, 
some  distance  from  90  degrees  and  180  degrees,  it  is  somewhat  more 
difficult  to  estimate  the  degree  and  the  axis  of  the  astigmatism.  How- 
ever, in  most  instances,  retinal  vessels  may  be  found  which  lie  parallel 
or  nearly  so  with  the  chief  meridians  of  curvature,  and  from  these  the 
estimation  can  be  made. 
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In  the  medium  and  higher  degrees  of  astigmatism  the  surface  of 
the  disc  itself  is  drawn  out  into  an  oval  form,  the  longer  axis  of  the 
oval  lying  in  the  axis  of  strongest  refraction. 

A point  of  much  practical  importance  in  estimating  errors  of  re- 
fraction with  the  ophthalmoscope  is  to  have  the  patient  look  in  the  dis- 
tance, and  two  or  three  feet  higher  than  the  level  of  his  head.  In 
looking  in  the  distance  and  upward  the  visual  lines  have  the  greatest 
tendency  to  swing  outward  rendering  the  convergence  nil,  and  in- 
cidentally the  accommodation  is  relaxed.  The  same  is  true,  as  re- 
gards the  accommodation,  in  making  the  subjective  tests  with  the 
test-cards.  If  the  test-card  is  hung  somewhat  higher  than  the  level 
of  the  patient’s  head,  the  tendency  to  a relaxation  of  the  accommoda- 
tion is  much  enhanced.  But  even  where  the  patient  will  not  relax  the 
accommodation  for  the  test-types,  when  taken  into  the  dark  room, 
with  nothing  in  particular  to  look  at,  the  accommodation  relaxes  and 
the  error  of  refraction  may  be  closely  approximated  by  the  use  of 
the  ophthalmoscope  and  the  retinoseope.  In  adults,  with  few  excep- 
tions, this  may  be  done.  In  children  it  is  desirable  that  a cycloplegie 
be  used. 


Retinoscopy  or  skiascopy. 

See  Examination  of  the  eye,  p.  4718,  et  seq.,  Vol.  VI  of  this  Encyclo'- 
pedia;  as  well  as  under  Retinoscopy  and  Skieiscopy.  A fuller  account 
of  the  matter  is,  however,  to  be  found  under  Physiological  optics, 
p.  9916,  Vol.  XIII. 

The  tise  of  the  ophthalmometer. 

The  ophthalmometer,  like  the  ophthalmoscope,  is  the  invention 
of  Von  Helmholtz  (Archiv  filr  Ophthal.,  1854).  It  is  designed  to 
measure  the  radius  of  curvature  of  the  cornea  in  its  various  meridi- 
ans. [For  a further  study  of  this  subject  see  p.  4709,  Vol.  VI,  and 
under  Ophthalmometer,  p.  8926,  Vol.  XII  of  this  Encyclopedia.^ 

It  was  not  until  the  year  1880,  when  Javal  and  Schiotz  made  im- 
provements in  the  instrument,  that  it  became  practical  for  every  day 
office  work.  In  1889  the  instrument  was  still  further  improved  and 
perfected  to  facilitate  its  rapid  and  accurate  use.  Although  many 
alterations  and  different  models  of  the  instrument  have  been  made 
since  1889,  none  have  surpassed  the  early  model  in  accuracy.  The 
same  optical  system  used  in  the  1889  model  is  still  employed  in  the 
present  model  of  the  Javal-Schibtz  instruments;  the  main  improve- 
ments being  in  the  adjustment  and  illumination  of  the  mires;  together 
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with  improvements  for  quick  adjustment  and  recording  the  results 
of  the  examination.  The  Universal  model  is  depicted  in  the  text  (see 
Fig,  41)  and  can  be  recommended.  In  this  model  the  large  Placido 
disc  of  the  older  instrument  has  been  removed,  and  a blackened  con- 
cave solid  disc  substituted ; the  mires  are  transluminous  and  both  are 
moved  by  a single  wheel  rachet  which  adds  to  the  accuracy  of  the 

instrument. 

Another  instrument  that  should  again  be  mentioned  is  the  oph- 
thalmophakometer  of  Souter.  This  instrument  is  desigiied  to  meas- 
ure the  corneal  astigmatism  as  well  as  the  lenticular  astigmatism.  It 
is  a modification  of,  and  (in  the  opinion  of  the  writer)  an  improve- 
ment upon,  the  Javal-Schiotz  ophthalmometer.  See  p.  4718,  Vol. 

VI  of  this  Encyclopedia.  • 

It  requires  some  patience  and  a little  skill  to  learn  the  use  of  the 
instrument,  but  once  mastered  it  is  of  practical  value,  as  it  adds  an- 
other objective  test  for  the  measurement  of  astigmatism. 

Other  models  of  the  ophthalmometer  are  those  of  Chambers-Tns- 
keep.  Hardy,  Kagenaar,  Sutcliffe,  Reid,  etc.,  for  a description  of 
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Pig.  39. 


Birefractive  Prism  as  Placed  in  the  Telescope  of  the  Javal-Schiotz 

Instrument. 


which  see  Ophthalmometer.  The  author  has  used  several  of  these 
instruments  but  prefers  the  Javal-Schiotz  model. 

In  selecting  an  ophthalmometer,  the  optical  system  in  the  instru- 
ment is  the  most  important  point  to  consider.  There  are  two  systems 
employed— first,  that  in  which  a bi-refringent  prism  is  used  to  eftect 
the  doubling  of  the  images;  and,  second,  that  in  which  simple  glass 

prisms  are  used  for  the  same  purpose. 

The  Javal-Schiotz  type  of  instrument  employs  the  Wollaston  bi- 
refringent  quartz  prism;  while  the  Kagenaar  type  uses  the  simple 
glass  prisms.  See  the  figure. 

The  essential  and  fundamental  difference  between  the  two  systems 
lies  in  the  fact  that  in  the  Javal-iSchiotz  system  the  doubling  of  the 
images  is  due  to  the  inherent  refracting  quality  of  the  prism  itself 
(polarization),  and  is  not  dependent  upon  the  angle  of  the  prism  or 
its  position,  while  in  the  Kagenaar  and  other  optical  systems  the 
doubling  is  effected  by  looking  through  prisms  set  at  a certain  angle. 
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Fig.  40 


Glass  Slab  Prisms  in  the  Kagenaar  Instrument. 
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The  Javal  system  is  much  superior  to  that  of  the  Kagenaar,  because 
with  slight  movements  of  the  eye  the  images  are  not  altered,  whereas 
with  the  Kagenaar  instrument  a slight  movement  of  the  eye  to  the 
right  or  to  the  left  causes  one  of  the  images  to  disappear,  and  ever  so 
slight  a movement  of  the  head  changes  the  reading  of  the  instrument. 
The  same  objection  holds  against  the  Sutcliffe  instrument,  the  slight- 
est movement  of  the  eye  causing  a change  in  the  reading. 

Rules  for  the  use  of  the  ophthalmometer. 

A brief  description  and  picture  of  the  instrument  with  some  of  the 
rules  for  its  use  are  given  on  p.  4714,  Vol.  V and  on  p.  8928,  Vol.  XII 
of  this  Encyclopedia.  It  is  desirable,  however,  to  call  attention  to  two 
or  three  features  of  the  latest  form  of  the  instrument. 

The  optical  system  of  the  Universal  model  is  a Wollaston  birefrin- 
gent  quartz  prism  mounted  between  two  achromatic  objectives  of 
27  cm.  focus  each.  (See  Fig.  39.) 

The  advantage  of  this  system  over  that  in  which  ordinary  glass 
prisms  or  slabs  are  used,  as  stated  above,  are:  First,  the  images  are 
very  clear,  showing  slight  amounts  of  over-lapping,  even  as  low  as 
.25  D.  Second,  slight  movements  of  the  eye  do  not  disturb  the  rela- 
tionship of  the  images  of  the  mires,  as  is  the  case  with  instruments  in 
which  glass  prisms  are  used.  Third,  the  mires  are  the  familiar  steps 
and  parallelogram  devised  by  Javal  and  Schiotz  for  the  1889  model. 
In  the  author’s  opinion  this  is  the  best  set  of  mires  yet  devised,  as  the 
clear-cut  Mack  lines  dividing  the  center  of  these  white  plates,  and  run- 
ning at  right  angles  to  the  tangent  position  of  these  plates,  make  it 
very  easy  to  tell  when  they  are  directly  opposite  and  coincident,  thus 
designating  clearly  when  the  chief  meridians  of  curvature  of  the 
cornea  are  reached.  This  is  a most  important  factor,  for  upon  the 
result  depends  the  axis  at  which  the  cylindrical  glass,  which  corrects 
the  astigmatism,  shall  be  worn.  This  is  true  with  very  few  exceptions, 
as  generally  the  axis  for  the  total  astigmatism  of  the  eye  corresponds 
with  that  of  the  corneal  astigmatism. 

In  this  model  of  the  ophthalmometer  the  mires  are  transluminous, 
therefore  it  is  better  to  have  the  instrument  in  a darkened  room  as 
the  images  of  the  mires  are  much  clearer  and  more  sharply  defined 
that  when  seen  in  a light  room. 

(1)  Place  the  patient  so  that  his  chin  rests  comfortably  in  the  chin 
rest  at  the  same  time  that  his  brow  presses  firmly  against  the  hori- 
zontal part  of  the  head  rest. 
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(2)  Locate  and  focus  the  eye.  The  level  of  the  eye  can  be  roughly 
located  by  looking  through  the  sight-holes  in  the  disc  lateral  to  the 
telescope.  Then  by  moving  the  instrument  to  the  right  or  to  the  left, 
as  the  case  may  require,  the  images  of  the  mires  reflected  from  the 
cornea  will  come  into  view.  If  the  images  are  slightly  too  high  or  too 
low  the  instrument  can  be  raised  or  lowered  by  means  of  the  adjust- 
ment at  the  side  of  the  upright  column.  In  order  to  get  the  images 


into  exact  focus  move  the  telescope  forward  or  backward  by  turning 
the  milled  wheel  at  the  side  of  the  telescope.  When  the  images  are 
in  perfect  focus,  we  are  ready  for  the  next  step. 

(3)  Frhnary  position.  The  “primary  position”  is  that  point  at 
which  the  transverse  lines  dividing  the  mires  become  coincident  and 
form  one  continuous  .straight  line;  which  indicates  (when  there  is  any 
astigmatism)  that  one  of  the  chief  meridians  of  curvature  of  the  cor- 
nea has  been  reached.  The  other  meridian,  in  the  great  majority  of 
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cases,  is  90  de^ees  from  this,  therefore  at  right  angles  to  it,  and  is  the 
“secondary  position,”  When  there  is  no  astigmatism  the  transverse 
black  lines  are  apposite  and  coincident  in  all  positions. 

In  the  Universal  model  there  are  two  pointers  operating  on  the  di- 
optric scale,  each  has  two  oval  openings  so  that  the  scale  can  be  read, 
and  one  has  an  extension  hook.  The  pointer  without  the  hook  rotates 
with  the  rotation  of  the  telescope,  but  the  one  with  the  hook  is  sta- 
tionary, except  when  moved  by  hand.  Now  to  obtain  the  primary 
position  rotate  the  telescope  until  the  pointer  imtlwut  the  hook  stands 


Fig.  42. 


Primary  Position  of  the  Mires. 


Fig.  4o.  Secondary  Position  of  the  Mires. 


exactly  at  0.  If  the  transverse  lines  are  straight  with  each  other  at 
this  point,  go  no  farther,  as  this  is  the  primary  position.  Approxi- 
mate the  mires  until  their  edges  just  touch,  by  rotating  the  disc  on 
the  telescope.  We  are  then  ready  for  the  next  step. 

(4)  Secondary  position.  To  obtain  this  rotate  the  telescope  90  de- 
grees. If  the  mires  overlap  there  is  “astigmatism  with  the  rule,”  and 
the  number  of  steps  of  overlapping  represents  the  amount  of  astig- 
matism. Say  it  overlaps  three  steps;  it  should  be  recorded  thus — as- 
tigmatism with  the  rule,  3 D.  90°  180°  — . Fig.  42  shows  the  pri- 
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mary  position  of  the  mires  as  reflected  from  the  cornea.  Fig.  43 
shows  the  secondary  position  in  like  manner. 

If  the  mires  separate  when  the  second  position  is  readied,  it  indi- 
cates astigmatism  against  the  rule.  The  edges  of  the  mires  should  be 
approximated  again  and  the  telescope  rotated  back  to  the  primary  po- 
sition when  the  mires  will  overlap,  say  three  steps,  written  thus:  as- 
tigmatism against  the  rule,  3 D.  180°  -f-  90°  . [Or  it  may  be  writ- 

ten 3 D.  -f-  180°,  or  3 D.  .90°.  Ed.] 

If  the  transverse  black  lines  do  not  become  coincident  at  0°,  rotate 
the  telescope  until  these  lines  become  coincident,  but  not  farther  than 


Fig.  44.  Showing  how  the  Mires  Must  Line  in  an  Arc  of  90°. 


Fig.  4.5.  Showing  Front  View  of  an  Eye  with  Astigmatism  With  the  Rule. 

45°  to  either  side  of  the  0°,  as  the  primary  position  is  never  farther 
removed  than  45°  to  either  side  of  0°,  and  the  lines  must  necessarily 
become  coincident  within  an  arc  of  90°  on  the  circle  (see  Fig.  44). 

It  will  be  noticed  that  the  axis  scale  has  the  0°  at  the  top  and  bot- 
tom in  the  vertical  meridian.  This  is  so  placed  because  the  movable 
pointer  is  at  right  angles  to  the  are  of  the  instrument  whose  position 
it  indicates.  This  point  is  repeatedly  emphasized,  because,  if  we  ro- 
tate the  telescope  so  that  the  movable  pointer  goes  beyond  the  135° 
mark  on  the  one  side,  or  the  45°  mark  on  the  other,  we  make  the  in- 
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strument  read  “astigmatism  against  the  rule,”  when  it  is  really  “with 
the  rule,”  and  vice  versa.  When  the  lines  become  coincident  at  135° 
or  45°,  the  extreme  limits,  being  just  half  way  between  0°  and  90° 
on  either  side,  by  preference  take  135°  as  the  primary  position — this 
for  the  sake  of  nomenclature.  We  see  then  that  the  primary  posi- 
tion may  be  at  0°  or  within  45°  of  that  point,  but  never  beyond. 

Why  the  mires  overlap  in  astigmatism  with  the  rule;  why  they 
separate  in  astigmatism  against  the  rule.  It  is  well-known  that,  in  as- 
tigmatism with  the  rule,  the  images  of  the  mires  overlap  when  turned 
from  the  primary  to  the  secondary  position;  and  that  these  same 
images,  in  astigmatism  against  the  rule,  separate  when  turned  from 
the  “primary”  to  the  “secondary”  position.*  Why  is  this  so? 

Fig.  45  shows  the  general  form  of  the  cornea,  front  view,  in  astig- 
matism with  the  rule. 

We  will  assume  a case  with  the  two  chief  meridians  of  curvature 
at  90°  and  180°,  exactly.  In  such  a case  the  “primary”  position 


Fig.  46.  Diagram  of  Front  View  of  an  Eye  with  Astigmatism  Against  the  Kule 

Showing  .a  Vertical  Oval. 

would  be  found  at  180°.  If  the  inner  edges  of  the  images  are  then 
approximated  and  the  arc  turned  90°  to  the  “secondary”  position, 
the  doubled  images  of  the  object  under  measurement  cannot  become 
smaller  from  side  to  side  (the  deviation  caused  by  the  prism  remain- 
ing the  same)  except  by  overlapping  at  their  inner  edges,  which  they 
do.  And  the  greater  the  difference  in  curvature  of  the  two  chief 
meridians  the  more  overlapping  there  will  be  in  astigmatism  with 
the  rule. 

In  astigmatism  against  the  rule,  just  the  reverse  holds,  that  is,  the 
images  separate  when  turned  from  the  primary  to  the  secondary  posi- 
tion. A glance  at  Fig.  46,  which  represents  the  general  form  of  the 


* In  passing,  it  may  be  said  that  the  "primary”  position  is  nothing  more 
than  the  starting  point,  or  the  'first  position  in  which  the  lines  dividing  the  mires 
into  halves  become  straight  with  each  other,  showing  that  one  of  the  two  chief 
meridians  of  curvatiire  of  the  cornea  has  been  found.  Hence  it  is  called 
"primary”  or  first  position.  The  "secondary”  position  is  at  right  angles  to 
the  "primary”  and  is  called  "secondary”  simply  because  it  is  the  second 
position  reached. 
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coniea,  front  view,  in  astigmatism  against  the  rule,  easily  explains 
this.  liere  the  doubled  images  of  the  mires  are  approximated  on  a 
meridian  with  a shorter  radius  of  curvature  than  the  vertical  me- 
ridian. Consequentl}^  when  the  mires  are  turned  to  the  secondary 
position,  90°  in  this  instance,  to  a meridian  with  a longer  radius  of 
curvature,  the  images  must  become  larger.  But  since  the  deviation 
caused  by  the  prism  is  a constant  one  (2.95  mm.),  th^  doubled  images 
cannot  become  larger  from  side  to  side,  except  by  pulling  apart  or 
separating  at  their  inner  edges,  which  they  do.  The  greater  the  dif- 
ference in  the  radius  of  curvature  of  the  two  chief  meridians  the 
greater  the  separation  of  the  images. 

With  the  above  explanation,  it  is  easy  to  see  why  the  images  always 
overlap  when  the  astigmatism  is  with  the  rule  and  alivays  separate 
when  it  is  against  the  rule.  Consequently,  when  we  have  an  eye  un- 
der observation  with  the  ophthalmometer,  we  know  immediately,  if 
on  turning  the  arc  from  the  primary  position  to  the  secondary  and 
an  overlapping  of  the  images  occurs,  that  we  have  astigmatism  with 
the  rule.  If,  however,  the  images  separate  when  the  arc  is  turned 
from  the  primary  to  the  secondary  position,  we  know  at  once  that 
the  astigmatism  is  against  the  rule. 

The  instrument,  therefore,  indicates  something  and  means  some- 
thing when  the  images  either  overlap  or  separate.  If  the  images  neither 
overlap  nor  separate  on  turning  the  arc  from  the  primary  to  the 
secondary  position,  it  shows  that  there  is  no  corneal  astigmatism  at 
all.  In  such  cases  the  patient  sometimes  takes  a weak  cylindrical  glass 
(about  .50  D.)  against  the  rule,  that  is,  — .50  D.  cylindrical,  axis  90° 
or  near  it,  if  the  patient  is  myopic,  or  + .50  D.  cylindrical,  axis  180° 
or  near  it  if  hypermetropia  is  present.  This  is  explained  by  the  pres- 
ence of  a small  amount  of  lenticular  astigmatism  which  is  nearly  al- 
ways present,  and  against  the  rule.  (Or  it  may  be  accounted  for  by 
an  astigmatism  of  the  posterior  surface  of  the  cornea,  which  some- 
times amounts  to  as  much  as  1 D.)  Consequently  we  should  be  on  the 
lookout  for  this  in  such  cases.  Many  times,  however,  when  the  oph- 
thalmometer shows  no  corneal  astigmatism  the  patient  accepts  no 
cylindrical  glass  at  all. 

(1)  In  a.stigraatism  with  the  rule  we  usually  have  to  deduct  half 
a diopter  from  the  reading  of  the  instrument,  that  is,  the  patient  will 
not  accept  as  much  as  the  instrument  gives  by  .50  D.  This  can  be 
explained  best  by  an  illustrative  case.  Say  the  instrument  reads  as- 
tigmatism mth  the  rule  2.50  D.,  axis  90°  or  180°  — . We  will  assume 
also,  for  the  sake  of  simplicity,  that  it  is  a case  of  simple  hyper- 
metropic astigmatism.  Fig.  47  shows  a vertical  and  horizontal  sec- 
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tion  of  such  an  eye,  and  where  the  rays  of  light  focus.  A front  view 
of  the  cornea  and  lens  is  also  given  in  order  to  show  the  outlines  of 
their  front  surfaces.  It  is  evident  that,  in  order  to  have  the  rays  of 
light  in  the  vertical  meridian  focus  on  the  retina,  both  the  cornea  and 
the  lens  must  be  emmetropic  in  the  vertical  meridian ; or  at  least  their 
combined  refractive  power  must  be  emmetropic  in  effect. 

But  the  horizontal  meridian  of  the  cornea  is  flatter  by  2.50  D.  than 
the  vertical  meridian,  as  measured  by  the  instrument ; and  if  the  pa- 
tient had  no  lenticular  astigmatism,  it  would  require  a -f  2.50  D. 
cylindrical  glass  to  correct  this  and  bring  the  rays  to  a focus  on  the 
retina.  But,  as  a matter  of  fact,  in  such  a case  the  patient  usually 


E. 
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Fig.  47.  Vertical  and  Horizontal  Sections  of  the  Eight  Eye. 

The  cut  also  shows  cornea  and  lens;  simple  hypermetropic  astigmatism  with  the 

rule. 

will  accept  but  2 D.  cylindrical  glass.  This  can  be  explained  best,  it 
seems,  by  assuming  a lenticular  astigmatism,  myopic  in  nature,  of 
.50  D.  in  the  horizontal  meridian.  This  would  neutralize  that  amount 
(.50  D.)  of  the  hypermetropic  Corneal  astigmatism  in  the  same  me- 
ridian, leaving  but  2 D.  of  total  astigmatism  to  be  corrected  by  a 
glass. 

What  is  true  in  hypermetropic  is  also  true  in  myopic  cases;  see 
Fig.  48. 

Here  the  diagram  shows  a case  of  simple  myopic  astigmatism  with 
the  rule  2.50  D.  axis  90°  -f-  and  180°  — . In  order  to  have  the  rays 
of  light  in  the  liorizontal  meridian  focus  on  the  retina,  both  the  cor- 
nea and  the  lens  must  be  emmetropic  in  the  horizontal  meridian  (that 
is,  their  combined  refractive  power).  But  the  vertical  meridian  of 
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the  cornea  is  more  curved  than  the  horizontal  by  2.50  D.  as  shown 
by  the  ophthalmometer,  therefore  it  requires  a — 2.50  D.  cylindrical 
glass,  axis  180°,  to  correct  it,  if  no  lenticular  astigmatism  is  present. 
As  a rule  the  patient  will  accept  but  a — 2D.  cylindrical  glass.  This 
is  to  be  accounted  for  by  the  lens  being  hypermetropic-astigmatic 
.50  D.  in  the  vertical  meridian,  thereby  neutralizing  that  amount  of 
the  corneal  astigmatism,  and  but  2 D.  of  total  astigmatism  is  left  to 
be  corrected. 

The  lenticular  astigmatism  is  not  always  exactly  .50  D.,  but  may 
be  more  or  less.  Sometimes  it  is  only  .25  D.,  or  may  be  absent.  Again, 
it  may  amount  to  .75  D.,  or  1 D.,  and  exceptionally  to  even  larger 


M.  2..50  D. 
CORNEA 


H.  .50  D. 
LENS 


Fig.  48.  Vertical  and  Horizontal  Sections  of  the  Eight  Eye;  also  Front  View  of 
the  Cornea  and  the  Lens;  simple  myopic  astigmatism  with  the  rule. 

amounts.  As  a rule,  however,  it  measures  .50  D.  or  .75  D.,  and  in 
astigmatism  with  the  rule,  being  of  an  opposite  kind  and  in  the 
same  meridian  with  the  corneal  astigmatism,  it  neutralizes  to  that 
extent  the  corneal  astigmatism. 

(2)  In  astigmatism  against  the  rule  we  usually  have  to  add  a half 
diopter  to  the  reading  of  the  instrument,  that  is,  the  patient  accepts 
that  much  more. 

Illustrative  eases  will  serve  to  elucidate  the  case.  Say  the  ophthal- 
mometer reads,  a.stigmatism  2.50  D.  against  the  rule,  axis  180°  -(- 
90°  — . To  simplify  matters  we  will  assume  it  to  be  a ease  of  .simple 
l)yj)ermetropic  astigmatism. 

It  is  plain  from  Fig.  49  that  both  the  cornea  and  lens  are  emme- 
tropic in  the  horizontal  meridian  because  the  rays  of  light  passing 
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through  this  meridian  focus  on  the  retina.  But  the  instrument 
shows  the  vertical  meridian  of  the  cornea  to  be  flatter  by  2.50  D. 
than  the  horizontal  meridian;  and  if  no  lenticular  astigmatism  was 
present  it  would  take  a + 2.50  D.  cylindrical  glass,  axis  180°,  to 
correct  same.  As  a matter  of  fact,  the  patient  usually  accepts  a 
half  diopter  more  than  the  instrument  says.  This  can  be  accounted 
for  by  a half  diopter  (.50  D.)  of  lenticular  astigmatism  in  the  verti- 
cal meridian,  hypermetropic  in  nature,  and,  therefore,  of  the  same 
kind  as  the  corneal  astigmatism.  In  other  words,  both  the  cornea 
and  lens  are  hypermetropic  in  the  vertical  meridian,  the  cornea  2.50 
D.  and  the  lens  .50  D.,  the  two  added  together  making  3 D.  the  total 


180 

H.  .50  D.' 
LENS 


Fig.  49.  Vertical  and  Horizontal  Sections  of  an  Eye  with  simple  Hypermetropic 
Astigmatism  Against  the  Rule;  also  Front  View  of  the  Cornea  and  the  Lens 
in  Outline. 

astigmatism  consequently  requiring  a -|-  3 D.  cyl.  axis  180  to  coi- 
rect  same.  The  same  law  holds  good  in  myopic  cases. 

Many  times,  however,  in  astigmatism  against  the  rule,  the  patient 
accepts  exactly  the  glass  indicated  by  the  ophthalmometer,  showing 
that  lenticular  astigmatism  is  often  entirely  absent  in  such  cases. 

The  whole  explanation  given  above  on  this  question  may  be  summed 
up  in  two  short  sentences.  (1)  In  astigmatism  with  the  rule  the 
lenticular  astigmatism  is  in  the  sa'me  meridian  as  the  corneal  astig- 
matism, but  is  of  an  opposite  kind,  and  usually  mounts  to  half  a 
diopter,  thereby  neutralizing  that  amount  of  the  corneal  astigmatism. 

(2)  In  astigmatism  against  the  rule  the  lenticular  astigmatism 
is  in  the  sahmo  meridian  as  the  corneal  astigmatism,  is  of  the  same 
kind,  and  usually  amounts  to  half  a diopter,  therefore  adds  that 
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amount  to  the  corneal  astigmatism.  (However  it  should  not  be  for- 
gotten that  the  unequal  curvature  of  the  posterior  surface  of  the 
cornea  can  and  may  modify  the  astigmatism  of  the  front  surface  of 
the  cornea.) 

Since  the  introduction  of  the  Souter  ophthalmophakometer  we  do 
not  have  to  depend  on  the  subjective  tests  for  the  determination  of 
the  lenticular  astigmatism.  Bj’’  means  of  this  instrument  we  can 
measure  objectively  the  lenticular  astigmatism,  and  in  this  way  con- 
firm the  subjective  tests,  as  well  as  the  objective  tests  with  the  oph- 
thalmoscope and  retinoscope. 

The  reading  of  the  ophthalmometer  when  the  two  chief  meridians 
of  curvature  of  the  cornea  happen  to  be  at  45°  and  135°,  or  exactly 
halfway  between  0°  and  90°  on  one  side,  and  90°  and  180°  on  the 
other  side  should  receive  a little  further  consideration  here,  in  or- 
der to  make  the  matter  entirely  clear. 


Fig.  50.  Front  View  of  an  Eye  showing  the  two  chief  Meridians  of  Curvature 

at  45°  and  135°. 

There  are  certain  exceptional  cases  where  the  two  chief  meridians 
of  curvature  of  the  cornea  are  just  halfway  between  0°  and  90° 
and  180°,  that  is,  exactly  at  45°  and  135°  (see  Fig.  50). 

Now  45°  is  no  nearer  to  90°  than  it  is  to  0°,  consequently  it  is  not 
in/  the  neighborhood  of  one  or  the  other.  So  with  135°  as  regards 
90°  and  180°,  it  is  just  as  near  one  as  the  other,  and  is  not  in  the 
neighborhood  of  either. 

What  are  we  to  do  in  such  a case  as  regards  “astigmatism  with 
the  rule”  and  “astigmatism  against  the  rule”?  Strictly  speaking, 
in  such  cases,  there  is  no  such  thing  as  “astigmatism  with  the  rule” 
and  “astigmatism  against  the  rule,”  simply  because  the  two  chief 
meridians  of  curvature  are  exactly  on  the  halfway  mark  or  divid- 
ing lines  of  what  it  takes  to  make  astigmatism  with,  or  against,  the 
rule.  But  how  does  the  ophthalmometer  work  in  such  cases?  In 
them  we  search  for  the  primary  position  as  usual  by  beginning  with 
the  pointer  with  the  extension  hook  at  0°.  We  know  when  we  are 
in  the  primary  position  by  the  two  narrow  black  lines  which  divide 
the  mires  into  halves  becoming  straight  with  and  opposite  each  other. 
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which  they  do  when  either  of  the  chief  meridians  of  curvature  of  the 
cornea  is  reached.  In  the  present  case  these  lines  would  not  be 
straight  when  we  turn  the  pointer  with  the  extension  hook  to  0°, 
because  neither  of  the  chief  meridians  is  there.  Following  the  di- 
rection given  above,  we  turn  the  pointer  with  the  extension  hook 
from  0*^  toward  135°;  when  135°  is  reached  (one  of  the  chief  me- 
ridians of  curvature  in  this  instance)  the  narrow  black  lines  divid- 
ing the  mires  become  straight  with  each  other.  This  is  the  primary 
position.  We  then  approximate  the  images  and  turn  the  arc  at 
right  angles  to  the  primary  position  (pointer  with  the  extension  hook 
to  45°)  to  obtain  the  secondary  position.  If  the  meridian  at  45° 
proves  to  be  more  curved  than  the  one  at  135°  the  images  vdll  over- 
lap. 

According  to  the  language  of  the  instrument,  that  is,  when  over- 
lapping occurs,  this  would  be  a case  of  astigmatism  with  the  rule. 
Though,  as  a matter  of  faet,  we  know,  and  have  just  explained  above, 
that  there  is  really  no  such  thing  as  astigmatism  with  or  against  the 
rule,  when  the  chief  meridians  of  curvature  are  at  45°  and  135°. 
However,  for  the  sake  of  uniformity  of  expression  and  to  make  the 
readings  of  the  instrument,  overlapping  and  separating  of  the  im- 
ages, mean  a definite  something  in  every  case,  it  is  well  to  apply  the 
terms  “astigmatism  with  the  rule”  and  “astigmatism  against  the 
rule,”  even  to  the  meridians  at  45°  and  135°. 

It  is  altogether  important  also  in  such  cases  to  take  either  135° 
or  45° — one  or  the  other — always  as  the  primary  position,  and  not 
first  one  and  then  the  other  as  the  primary  position.  A glance  at 
Fig.  50  will  show  why  this  is  necessary.  If  we  start  at  135°  as  the. 
primary  position,  the  meridian  of  longest  radius  of  curvature,  and 
then  turn  to  45°,  the  secondary  position,  to  the  meridian  of  shortest 
radius  of  curvature,  the  images  will  overlap,  showing  astigmatism 
with  the  rule.  However,  should  we  take  45°  as  the  primary  posi- 
tion, the  meridian  of  shorest  radius  of  curvature,  and  then  turn  to 
135°,  at  right  angles,  a meridian  with  the  longer  radius  of  curva- 
ture, the  images  would  separate,  showing  thereby  astigmatism 
against  the  rule.  In  other  words,  the  instrument  would  read  with 
the  rule  and  against  the  rule,  in  the  same  eye,  accordingly  as  we 
assumed  135°  or  45°  as  the  primary  position.  As  we  cannot  ver}' 
well  have  astigmatism  both  with  and  against  the  rule  in  the  same 
eye,  it  is  best,  in  such  cases  as  the  above,  to  assume  one  or  the 
other  of  these  meridians  always  as  the  primary  position.  Individu- 
ally, and  in  the  rules  which  have  been  formulated  for  the  use  of  the 
instrument,  we  always  assume  135°  as  the  primary  position  in  such 
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cases.  The  meridian  at  45°  could  be  taken  jnst  as  well,  provided  it 
was  always  taken  as  the  starting  or  primai’y  position.  [Many  au- 
thorities regard  as  myopic  astigmatism  with  the  meridian  of  greatest 
curvature  at  180°  or  a hypermetropic  astigmatism  with  the  meridian 
of  greatest  curvature  at  90°,  as  the  only  examples  of  astigmatism 
“with  the  rule.”  All  other  relations  of  the  meridians  are  regarded  as 
“against  the  rule.^^  This  classification  has  at  least  the  merit  of  sim- 
plicity.— Ed.] 

Schemer's  test  in  refraction.  This  consists  in  holding  before  the 
eve  under  examination,  a card-board  with  a double  perforation,  the 
holes  being  near  enougli  together  so  that  rays  passing  through  each 
enter  the  pupil  at  the  same  time.  Have  the  patient  look  at  a candle 
20  feet  distant.  If  the  eye  is  emmetropic  the  rays  passing  though 
the  two  perforations  will  meet  exactly  at  the  retina  (assuming  that 
accommodation  is  relaxed)  and  the  patient  will  see  but  one  image  of 
the  object. 

If  the  eye  is  myopic  the  rays  will  meet  before  reaching  the  retina, 
cross  and  diverge,  forming  two  images  of  the  object  on  the  retina. 

This  diplopia  (assuming  that  the  perforations  are  held  in  the 
horizontal  plane)  is  homonymous,  and  the  farther  apart  the  images, 
the  higher  the  myopia.  The  strength  of  the  minus  glass,  placed  back 
of  the  perforations,  which  fuses  the  images  is  the  measure  of  the 

myopia. 

If  the  eye  is  hypermetropic  the  rays  of  light  passing  through  the 
perforations  will  not  meet  before  reaching  the  retina,  but  form  two 
images  on  the  retina.  This  diplopia  is  a crossed  one,  and  the  wider 
apart  the  images  the  greater  the  hypermetropia.  The  strength  of 
the  plus  gla-ss  placed  back  of  the  perforations  which  brings  the  im- 
ages together  is  the  measure  of  the  hypermetropia. 

°A  red  glass  is  used  in  order  to  determine  if  the  diplopia  is  homo- 
nymous or  crossed,  which  reveals  the  nature  of  the  error  of  refrac- 
tion, if  myopic  or  hypermetropic. 

This  method  of  testing  the  refraction  has  long  since  been  given  up 

as  a practical  office  test. 
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PART  II.  CLINICAL  APPLICATIONS  OF  REFRACTION 

METHODS. 

CHAPTER  IX. 

Simple  hypermetropic  astigmatism ; Simple  liypermetropia;  Illustra- 
tive ernes. 

The  following  rules  in  refraction  work  are  followed  by  the  writer: 
1.  Use  the  ophthalmometer.  2.  Use  the  phakometer.  3.  Use  trial 
lenses  and  test  cards.  4.  Use  the  ophthalmoscope.  5.  Test  the  ex- 
trinsic muscles.  6.  If  after  two  tests  on  different  days  the  result  is 
.still  unsatisfactory,  employ  a cycloplegic  and  use  the  retinoseope  in 
addition  to  the  other  tests. 

As  a rule  the  ophthalmoscope  should  not  be  used  before  testing  with 
the  trial  lenses,  because  if  light  is  thrown  into  the  eye  for  a prolonged 
time,  it  dazzles  the  sight  and  impairs  the  value  of  an  immediate  test 
with  the  trial  lemses.  If  much  trouble  is  experienced,  however,  in  find- 
ing the  proper  glass,  do  not  hesitate  to  use  the  ophthalmoscope  to  find 
the  nature  of  the  error  of  refraction,  or  if  any  pathological  condition 
of  the  eye  exists ; then  let  the  patient  wait  a short  while  before  the  sub- 
jective test  with  the  trial  lenses  is  again  undertaken. 

Simple  cases  of  liypermetropia  and  myopia  are,  as  a rule,  easily  fitted 
with  glasses;  but  a certain  definite  method  should  be  followed  even 
in  these  cases.  It  is  the  astigmatic  cases  that  give  trouble,  and 
among  these,  as  is  well  known,  compound  hypermetropic  and  mixed 
astigmatism  are  the  most  difficult  to  correct. 

Astigmatism  is  the  error  that  should  always  be  corrected  first, 
unless  there  is  a large  amount  of  spherical  error  present — a myopia 
of  6 diopters  or  more,  or  a hypermetropia  of  4 diopters  or  more — 
with  only  a small  amount  of  astigmatism.  In  such  cases,  part  of  the 
spherical  error  is  first  corrected,  in  order,  if  possible,  to  bring  up 
the  vision  sufficiently  so  that  the  eye  wdll  appreciate  any  further 
change  in  acuity  of  vision  when  a weak  cylindrical  glass  is  placed 
in  front  of  it. 

Always  begin  the  test  by  putting  on  plus  glasses;  plus  cylindrical 
glasses  if  astigmatism  is  present,  plus  spherical  glasses  if  astigma- 
tism is  absent,  and  for  the  following  reasons:  First,  because  we  do 
not  know  if  the  patient  is  hypermetropic  or  myopic.  If  the  patient 
happens  to  be  hypermetropic,  plus  glasses  are  accepted,  as  a rule,  if 
first  tried;  however,  if  minus  glasses  are  first  tried,  the  patient 
many  times  accepts  them,  especially  if  the  error  is  of  low  amount, 
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though  the  patient  is  really  hypermetropic.  This  is  so  well  known 
that  it  is  hardly  necessary  more  than  merely  to  allude  to  it.  The 
eye  instinctively  makes  an  elfort  to  overcome  minus  glasses  when  placed 
in  front  of  it,  the  ciliary  muscle  is  thrown  into  a spasm  of  accommo- 
dation, producing  an  artificial  myopia,  which  the  minus  glass  par- 
tially or  wholly  corrects,  and  in  this  way  apparently  improves  vision. 
The  mere  fact  that  a patient  accepts  minus  glasses  is  no  indication 
whatever  that  he  has  myopia. 

Second,  the  thing  of  most  importance  in  beginning  a test  with  plus 
glasses  is,  that  we  shall  begin  with  the  weakest  lenses  in  the  trial 
case  and  go  up  gradually.  This  is  done  also  to  avoid  spasm  of  ac- 
commodation, for  by  adding  a quarter' of  a diopter  at  a time  the  eye 
accustoms  itself  to  it,  and  the  ciliary  muscle  relaxes  gradually  if  it 
is  only  given  a chance.  Should  all,  or  almost  all,  of  the  correction 
be  put  on  at  once,  however,  the  change  for  the  eye  is  so  sudden  and 
marked  that  it  will  not  adjust  itself;  whereas,  had  the  glasses  been 
gradually  increased  in  power,  the  ciliary  muscle  would  have  relaxed. 
This  is  the  writer’s  experience,  and  he  believes  it  accords  with  that 
of  the  gi’eat  majority  of  observers.  Some  ophthalmologists,  however, 
resort  to  an  over  correction  of  strong  plus  glasses,  which  blur  the 
vision  completely,  and  thus  take  away  the  desire  to  accommodate  for 
or  to  fix  any  object.  Then  by  gradually  diminishing  the  power  of  the 
glass,  the  correct  one  is  accepted.  The  writer  much  prefers  to  be- 
gin with  the  weakest  glass  and  “work  up.” 

Another  method  of  avoiding  spasm  of  accommodation,  and  one 
well  known  among  oculists,  is  to  correct  both  eyes  at  the  same  time. 

Not  only  should  the  above  routine  be  followed,  but  under  step  No. 
2 a certain  routine  in  putting  the  glasses  in  the  trial  frame  during 
the  subjective  tests  should  be  adhered  to.  Bearing  in  mind  always 
to  begin  the  test  with  a plus  glass  (unless  we  know  beforehand  the 
patient  to  be  myopic),  and  a iveah  plus  glass,  and  to  gradually  in- 
crease the  strength  of  the  glass,  in  order  to  avoid  or  overcome  spasm 
of  accommodation,  proceed  in  the  following  manner:  When  the 
ophthalmometer  indicates  astigmatism,  first  try  plus  cylindrical 
gla.sses  alone ; second,  plus  spherical  glasses  in  addition ; third,  minus 
cylindrical  glasses  at  right  angles  to  the  plus  cylindrical  glass,  if 
vision  is  not  made  perfect  by  a plus  cylindrical  glass  alone,  and  plus 
spherical  glasses  are  not  accepted  in  addition;  fourth,  minus  cylin- 
drical glasses  alone ; fifth,  minus  spherical  glasses  in  addition.  If 
the  ophthalmometer  should  indicate  4 diopters  of  astigmatism,  with 
the  rule,  90®  -f-  or  180°  — , and  the  patient  accepts  only  + 2 D.  eyl. 


11026 


REFRACTION  AND  ACCOMMODATION 


axis  90°,  with  improvement  of  vision,  but  accepts  no  plus  spherical 
glass  in  addition,  mixed  astigmatism  is  at  once  suspected,  and  minus 
cylindrical  glasses  are  tried  at  right  angles  to  the  plus  cylinder. 

When  the  ophthalmometer  indicates  but  one-half  diopter  of  astig- 
matism with  the  rule,  usually  the  lenticular  astigmatism  neutralizes 
that  amount  of  corneal  astigmatism,  and  the  patient  will  not  accept 
any  cylindrical  glass.  In  such  cases  we  are  most  of  the  time  dealing 
with  cases  of  simple  hypermetropia  and  myopia,  and  proceed  at 
once  to  try  plus  spherical  glasses,  and,  if  not  accepted,  minus  spheri- 
cal glasses.  However,  should  there  be  only  a very  small  amount  of 
hypermetropia  or  myopia,  and  the  patient’s  sight  is  not  improved  by 
the  spherical  glasses,  it  will  be  well  to  try  a weak  cylinder,  plus  first, 
then  minus.  This  is  for  two  reasons:  first,  we  may  have  made  an 
error  with  the  ophthalmometer  in  the  estimation  of  the  amount  of 
the  astigmatism ; second,  the  lenticular  astigmatism  might  not  be 
sufficient  to  neutralize  the  half  diopter  of  corneal  astigmatism,  or  it 
might  more  than  neutralize  it,  when  it  would  result  in  a small  amount 
of  astigmatism  against  the  rule.  Since  the  introduction  of  the  Souter 
ophthalmophakometer  the  lenticular  astigmatism  may  be  measured 
objectively,  and  the  subjective  tests  thus  confirmed. 

Illustrative  cases  of  simple  hypermetropic  astigmatism  and  hy- 
permetropia. In  giving  illustrative  cases  we  shall  first  take  a typi- 
cal one,  giving  the  tests  for  its  detection  and  correction  in  detail , 
then  other  cases  showing  different  amounts  of  astigmatism  and  dif- 
ferent axes,  and  cases  against  and  with  the  rule  will  be  taken.  In 
many  cases  diagi’ams  of  the  sections  of  the  eye  under  observation 
through  its  two  chief  meridians  of  curvature  are  presented.*  This 
is  done  in  order  to  have  the  reader  think  of  the  eye  as  it  is,  to  see 
where  the  rays  of  light  entering  such  an  eye  focus,  and  how  proper 
glasses  correct  the  error  of  refraction  in  such  a case.  Experience 
has  shown  that  students  at  least  do  not  think  of  the  eye  under  ob- 
servation, but  try  to  fit  the  patient  to  glasses  by  following  some 
empirical  rule.  They  put  on  glasses  by  rule  of  thumb ; if  they  im 
prove  vision,  very  well,  they  are  satisfied  with  that  and  do  not  worry 
themselves  much  about  the  why  or  the  wherefore ; if  the  glasses  do 
not  improve  vision,  they  are  at  a loss  to  know  why,  and  many  times 
give  a wrong  glass. 


* These  diagrams  are  not  meant  to  be  mathematically  correct,  and 
simply  to  make  the  subject  matter  plainer.  They  are  token,  together  with  J 
illustrative  cases,  from  the  writer ’s  Eefraction  of  the  Eye. 
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Prescriptions  for  glasses  and  formulae  of  lenses. 

These  are  by  no  means  uniform  throughout  the  world  nor  even  in 
a particular  country.  One  ophthalmologist  or  optician  prefers  one 
style,  quite  a different  one  is  adopted  by  another.  In  such  formulae 
sometimes  the  left  eye  is  first  mentioned ; sometimes  the  right.  Some- 
times the  upper  semicircle  is  divided  into  180  degrees  for  the  pur- 
poses of  the  prescription,  and  numbered  from  0 to  180°.  Some  au- 
thorities (in  placing  the  figures)  follow  the  movements  of  the  clock 
hands  in  this  numeration ; others  elect  the  reverse  order.  Still  oth- 
ers divide  the  imaginary  semicircle  into  two  quadrants,  numbering 
the  degrees  from  0 to  90°  “nasal”  and  “temporal,”  the  0 in  each  case 
being  placed  at  the  extremity  of  the  base  line.  Owing  to  this  babel 
of  method  many  prescription  blanks  are  furnished  with  diagrams 
to  supplement  the  order  for  glasses  and  especially  to  indicate  defi- 
nitely the  prescribed  axes  of  cylinders. 

The  formulce  most  frequently  used  are  the  following.  Let  us  sup- 
pose that  the  surgeon  desires  to  prescribe  (or  to  record)  a lens  for 
the  right  eye — a plus  three  and  a half  diopter  sphere  combined  with 
a plus  one  and  a half  cylinder  whose  axis  is  seventy-five  degrees  on 
the  temporal  side  of  the  vertical  meridian;  and  for  the  left  eye  a 
minus  two  diopter  sphere  combined  with  a minus  one  diopter  cylin- 
der whose  axis  is  45°,  also  temporal.  Let  us  also  suppose  that  in 
another  instance  it  is  desired  to  order  for  the  right  eye  a crossed 
cylinder— plus  two  fifty  diopters  axis  thirty  degrees,  combined  with 
minus  cylinder  one  diopter  axis  one  hundred  and  twenty,  and  that 
formula  again  in  combination  with  a prism  of  four  degrees  apex  di- 
rected vertically.  We  may  begin  with  the  right  eye  (R.  E.,  Right,  R., 
0.  D. — oculus  dexter — or  it  may  be  assumed  by  the  preseriber  that 
one  should  always  give  the  formula  for  the  right  eye  first)  ; or  with 
the  left  eye  (L.  E,,  Left,  L.,  0.  S. — ocidus  sinister — or  it  may  be  as- 
sumed that  one  should  always  give  the  formula  of  the  left  glass  first — 
and  so  leave  out  the  eye  sign  altogether!). 

R.  E.  sph.  -f-  3.50  D.  3 + 1-50  D.  cyl.,  ax.  75°. 

L.  E.  sph.  — 2.50  D.  C — l-o  D.  cyl.,  ax.  135°. 

R.  E,  cyl.  -f  2.50  D.  ax.  30°  C cyl,  — l.o  D.,  ax.  120°,  C pr. 
(or  A)  4°  apex  vertical  (or  base  horizontal). 

The  symbol  D.  may  be  omitted  altogether;  also  (for  clinical  rec- 
ords) the  visual  acuity  obtained  by  a certain  lens  added — thus: 

V.  R.  E.  (with,  w,  W.,  cum  or  c)  sph.  4-  3.50  3 -f-  l-‘50  cyl.,  ax. 
20  6 

75°  = — or  — ; or  the  fraction  to  indicate  the  acuity  of  vision  may 
20  6 
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be  placed  helow  the  line  at  the  end  of  the  formula— thus : V.  R.  E. 

20 

with  sph.  4"  3.50  3 d"  cyl.,  ax.  75°  = . 

20 


Another  style: 

sph.  -|-  3.50  20  cyl.  2.50,  ax.  30°  20 

0.  D. +•  R-E. ■ 

cyl.  + 1.50  ax.  75°  20  cyl.  — I.q  D.,  ax.  120°  30 

sph.  — 2.50  20 

0.  S. • 

cyl.  — 1.0  ax.  135°  20 

Inasmuch  as  in  a prescription  the  abbreviation  “ax.”  always  indi- 
cates a cylinder  and  its  absence  a sphere  the  formulfe  may  be  still  fur- 
ther abbreviated : 

-f  3.50  -f  2.50,  ax.  30° 

R.  R. 

+ 1.50  ax.  75°  — 1.0,  ax.  120°. 

— 2.50 


L. 


— 1.0  ax.  135° 

In  those  clinics  where  the  upper  semicircle,  divided  into  two  quad- 
rants of  90°  each,  is  assumed  to  be  held  in  front  of  each  eye  and  the 
division  of  the  quadrants  into  degi-ees  begins  at  the  extremity  of  the 
horizontal  base  line  and  proceeds  towards  90°  at  the  end  of  the  ver- 
tical radius,  the  words  “nasal”  and  “temporal”  (or  “n”  and  “t”) 
are  used  to  indicate  the  axes  of  prescribed  cylinders: 

R.  E.  sph.  + 3.50  C cyl.  + 1.50,  ax.  75°  nasal. 

L.  E.  sph.  — 2.50  C cyl.  — I.q,  ax.  45°  temporal. 

The  Editor  has  generally  used  the  so-called  Georges  ]\Iartin  style, 
based  upon  the  fact  that  the  word  “sph.”  may  always  be  omitted  and 
that  the  sign  for  “degrees”  always  indicates  a cylinder;  also  when 
one  eye  is  indicated  in  the  first  half  of  the  prescription  it  is  unneces- 
sary to  indicate  the  second  one: 

R.  75°  + 1.50  + 3.50  = 135°  — — 2.50. 

20  20 


15  20 

For  brevity  and  definiteness  this  style  cannot,  he  thinks,  be  improved. 
See,  also.  Lenses,  Numeration  of,  p.  7407,  Vol.  X of  this  Encyclopedio. 
—Ed.] 
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Comeal  astigrmatism  with  the  rule,  1 D.,  axis  90°  or  180°  — . Patient 

accepts  + .50  D.  cyl.,  axis  90°. 

Nellie  H.,  aged  23,  in  good  general  health,  has  had  trouble  with 
her  eyes  for  about  two  yeai’s.  After  any  continuous  work,  especially 
at  night,  her  eyes  burn  and  ache,  and  often  headaches  follow.  There 
is  some  redness  of  the  edges  of  the  eyelids  and  congestion  of  the  con- 
junctiva. , 

Ophthalmometer.  Astigmatism  with  the  rule,  1 D.,  axis  90®  + 
or  180°  — in  each  eye. 

Fig.  51  shows  the  general  shape  of  the  cornea,  front  view,  in  this 
ease.  Since  the  astigmatism  is  with  the  rule,  the  vertical  meridian 
must  be  more  curved,  that  is,  have  a shorter  radius  of  curvature  than 
the  horizontal. 


We  do  not  know,  however,  from  the  examination  with  the  ophthal- 
mometer whether  the  error  of  refraction  is  hypermetropic  or  myopic 
in  character — that  must  be  found  out  by  subsequent  tests. 

Unless  from  the  history  of  the  case  there  is  reason  to  suspect  some 
pathological  lesion  of  the  eye,  next  try  the  trial  lenses  and  test 
cards.  Do  this,  first,  for  the  very  good  reason  that  most  cases  reveal 
the  nature  and  extent  of  the  error  of  refraction  simply  by  the  use  of 
the  ophthalmometer  and  trial  lenses ; second,  because  we  do  not  have 
to  delay  the  test  with  the  trial  lenses  as  we  do  where  the  ophthal- 
moscope is  first  used,  for  the  light  thrown  into  the  eye  by  an  ex- 
tended ophthalmoscopic  examination  dazzles  and  requires  some  de- 
lay before  the  subjective  test  can  be  completed. 

Test  cards  and  trial  lenses.  The  horizontal  lines  on  Green’s  clock 
dial  are  seen  plainest  in  this  case. 

20  20 

R.  V.  = — : — W.  -f  .50  D.  cyl.,  90°. 

20  15 
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20  20 

L.  V.  = — : — W.  + .50  D.  cyl.,  90®. 

20  15 

Reads  Jaeger  No.  1 from  6 to  15  inches. 

Following  the  rule  to  correct  the  astigmatism  first,  if  any  were 
present,  and  having  proceeded  with  the  test,  as  previously  directed, 
by  beginning  with  a weak  plus  glass,  the  first  glass  tried  was  + .25 
D.  cyl.,  90°  (as  indicated  by  the  ophthalmometer).  This  improved 
the  vision  somewhat,  then  50  D.  cyl.  ax.  90°  was  tried;  this  im- 
proved vision  still  more.  The  next  stronger  cyl.,  + .75  D.,  axis  90°, 
made  the  vision  worse.  A + .50  D.  cylindrical  glass,  then,  was  the 
strongest  cylinder  that  gave  the  best  vision.  To  see  if  any  manifest 
hypermetropia  was  present  in  addition  to  the  astigmatism,  -f-  .25  D. 


spherical  glass  was  placed  in  front  of  the  .50  D.  cylindrical  glass; 
it  made  vision  worse,  showing  no  manifest  hypermetropia. 

The  same  mode  of  procedure  was  followed  in  the  left  eye,  the  pa- 
tient accepting  a -f-  .50  D.  cylindrical  glass,  axis  90°,  and  obtaining 

20 

the  best  vision,  — in  each  eye. 

20 

Ophthalmoscope.  Hypermetropic  astigmatism  with  the  rule,  .50 
D.,  axis  90°,  in  each  eye;  no  pathological  lesion  of  the  fundus  in 
either  eye. 

The  patient  accepted  the  same  glasses  on  the  second  test,  two  days 
later,  and  + .50  D.  cyl.,  axis  90°,  was  prescribed. 

The  retinoscope  and  cycloplegics  were  not  used  in  this  case,  as  they 
were  not  deemed  necessary.  A mild  astringent  wash  was  prescribed 
for  the  slight  inflammation  of  the  lids.  Three  and  a half  years  later 
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the  patient  returned  on  account  of  a slight  conjunctivitis.  With 
mild  astringents  this  was  cured  in  three  weeks’  time.  The  glasses 
were  still  satisfactory. 

Hyperwetropic  asiigmatism  against  the  rule,  1 D.  right  eye;  .75  D. 

left  eye;  Patwnt  accepts  .50  D.  more  than  the  instrument  reads. 

h.  M.,  aged  39,  general  health  good.  Her  eyes  had  not  given  her 
any  special  trouble  until  last  year,  when  they  began,  to  pain  and  the 
vision  to  blur  when  she  read  or  sewed  for  any  length  of  time.  At 
night  she  had  to  give  up  close  work  and  reading. 

Ophthalmometer.  Astigmatism  against  the  rule,  1 D.,  axis  180° 
+ or  90°  — right  eye ; .75  D.,  axis  180°  -{-  or  90°  — left  eye. 

Fig.  52  is  a diagrammatic  section  of  such  an  eye  showing  where  the 
rays  of  light  focus  respectively  in  the  vertical  and  horizontal  meridi- 
ans. The  horizontal  meridian  is  emmetropic  and  focuses  rays  on 
the  retina;  while  the  vertical  meridian  is  hypermetropic,  less  curved 
than  the  horizontal,  and  allows  the  rays  of  light  to  focus  back  of  the 
retina. 

Test  cards  and  trial  lenses.  The  vertical  lines  on  the  Green  elock- 
dial  are  seen  plainest. 

20  20 

R.  V.  = — : — + W.  + 1.50  D.  cyl.,  180°. 

40  30 

20  20 

L.  V.  = — : — + W.  + 1.25  D.  cyl.,  180°. 

30  20 

Ophthalmoscope.  Simple  hypermetropic  astigmatism  against  the 
rule. 

On  a second  test  the  same  glasses  were  accepted  by  the  patient  and 
were  ordered;  and  these  lenses  were  long  worn  with  perfect  satisfac- 
tion. Usually  in  cases  of  astigmia  against  the  rule  we  add  .50  D.  to 
the  reading  of  the  instrument.  However,  it  may  be  more  or  less,  as 
illustrated  by  some  of  the  following  cases.  Furthermore,  in  the  cases 
of  astigmia  against  the  rule  must  be  reckoned  those  where  there  is 
no  corneal  astigmatism  at  all,  for  in  such  cases  there  is  usually  a 
small  amount  of  lenticular  astigmatism  against  the  rule  which  must 
be  corrected. 

. ^ 

No  corneal  astigmatism,  hut  the  patient  accepts  a -j-  .50  D.  cylin- 
drical glass  against  the  ride,  at  180° . 

C.  C.  D.,  aged  42  years,  general  health  good.  His  eyes  trouble 
him  more  or  less  all  the  time.  He  consulted  the  writer  first  in  Feb- 
ruary, 1893,  when  the  following  condition  was  found: 

Ophthalm&meter.  Shows  no  corneal  astigmatism,  that  is,  the  im- 
ages of  the  mires  neither  overlap  nor  separate  at  any  position  after 
they  have  once  been  approximated,  and  the  black  lines  dividing 
them  into  halves  remain  opposite  and  straight  in  all  positions. 

In  such  cases  it  is  usual  for  the  patient  to  have  lenticular  astig- 
matism of  about  .50  D.  against  the  rule,  that  is  to  say,  if  the  eye  is 
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hypermetropic  that  a plus  cylindrical  glass  will  be  worn  with  its 
axis  at  180°,  or  in  that  neighborhood,  while  if  myopic  a minus  cjdin- 
drical  glass  will  be  worn  at  90°,  or  in  that  neighborhood. 

A and  B in  Fig.  53  show  the  shape  of  the  cornea  and  lens  re.spec- 
tively,  and  focuses  of  the  two  chief  meridians  combined  in  the  pres- 
ent case.  A shows  both  meridians  of  the  cornea  to  have  the  same 
radius  of  curvature,  therefore  the  cornea  to  be  spherical  in  shape. 
It  is  emmetropic  in  refractive  power  in  this  case. 

The  lens  (13,  Fig.  53)  is  emmetropic  in  refractive  power  in  the 
horizontal  meridian  also,  but  in  the  vertical  meridian  it  is  hyperme- 
tropic by  .50  D. 

As  both  the  cornea  and  the  lens  are  emmetropic  in  the  horizontal 
meridian,  it  allows  the  rays  of  light  that  pass  through  that  meridian 
to  focus  exactly  on  the  retina.  The  cornea  is  emmetropic  in  the 
vertical  meridian  also,  but  the  lens  is  hypermetropic  .50  D.,  and 


consequently  the  rays  of  light  that  pass  through  that  meridian  focus 
behind  the  retina.  It  requires  a cylindrical  glass  of  .50  D.,  axis 
180°,  to  focus  these  rays  of  light  on  the  retina;  and  a plus  cylin- 
drical glass  worn  with  its  axis  at  180°  shows  the  astigmatism  to  be 
against  the  rule ; or  it  is  possible  the  cornea  might  be  .50  D.  hyperme- 
tropic in  all  meridians  (curvature  H.)  while  the  lens  is  .50  D. 
myopic  in  the  horizontal  meridian  and  emmetropic  in  the  vertical ; 
when  again  the  patient  would  accept  a + -^0  D.  cylindrical  glass 
against  the  rule. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = : — W.  -4-  .50  D.  cyl.,  180°. 

20  15 

20  20 

L.  V.  = : — W.  + .50  D.  cyl.,  180°. 

20  15 
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Reads  Jaeger  No.  1 at  7 inches  with  a +.75  D.  spherical  glass  added 
to  correct  the  presbyopia. 

Ophthalmoscope  and  retinoscope  show  hypermetropic  astigmatism, 
.50  D.  against  the  rule. 

Ordered  + .75  D.  + .50  D.  eyl.,  180°  each.  Two  years  later  the 
glasses  were  still  satisfactory. 

In  such  cases  as  the  above  the  retinoscope  is  of  value  in  confirming 
the  subjective  tests.  In  young  subjects,  however,  to  make  the  retino- 
seopie  tests  reliable  atropin  or  some  other  cycloplegie  must  be  used. 

Ko  carneal  astigmatism.  The  patient  accepts  + cylindrical  glasses 

against  the  ride  at  different  axes,  180°  and  135°  respectively. 

N.  V.,  aged  14,  general  health  first-class.  For  three  months  her 
eyes  have  troubled  her  greatly,  and  especially  after  studying  her 
lessons.  Blurring  of  the  vision,  pain  in  the  eyes,  and  headaches  are 
the  chief  symptoms  she  complains  of.  She  has  an  older  sister  who  has 
mixed  astigmatism. 

Ophthalmometer.  No  corneal  astigmatism. 

Retinoscope.  Hypermetropic  astigmatism  of  small  amount  (.50 
D.)  in  each  eye,  axis  of  cylindrical  glass  180°  Rt.,  and  at  135°  (?) 
Lft. 

Test  cards  and  trial  lenses.  The  vertical  lines  from  XII  to  VI  in 
the  clock-dial  are  seen  plainest  by  the  right  eye,  while  the  lines  from 
X to  IV  and  XI  to  V are  seen  plainest  with  the  left  eye. 

20  20 

R.  V.  : _ w.  + 50  D.  cyl.,  180°. 

20  15 

20  20 

L.  V.  = : _ w.  + .50  D.  cyl.,  135°. 

20  15 

Reads  Jaeger  No.  1 3 to  15  inches. 

Ophthalmoscope.  Hypermetropic  astigmatism  of  small  amount, 
but  could  not  be  estimated  accurately. 

Figure  54  shows  the  form  of  the  cornea  and  the  foci  of  the  chief 
meridians  in  the  left  eye. 

On  account  of  a mild  conjunctivitis,  an  astringent  wash  for  the 
eyes  was  ordered,  and  the  patient  requested  to  come  again  in  one 
week.  A cycloplegie  was  ordered  to  be  used  for  three  days  before 
coming  for  the  second  test.  The  second  test  corresponded  with  the 
first  as  to  the  amount  and  axis  of  the  astigmatism,  but  the  patient 
accepted  + .75  D.  spherical  glasses  in  addition  to  the  cylinders. 
The  ^ ophthalmoscope  and  retinoscope  showed  compound  hyperme- 
tropic astigmatism.  Ordered: 

+ .50  D.  cyl.,  180°,  right  eye; 

+ .50  D.  cyl.,  135°,  left  eye. 

One  year  later  the  glasses  were  still  entirely  satisfactory. 

A'ol.  XIV— 4 0 
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Corneal  astigniatisnx  with  the  rule.  25  D.;  patient  accepts  -f-  0.25  D. 
cylindrical  glass  against  the  rule  with  improvement  in  vision  and 
relief  from  a marked  asthcno-pia: 

Miss  P aged  19,  has  suffered  for  some  time  with  headache,  dizzi- 
ness occasional  diplopia  and  attacks  of  momentary  blindness.  While 
looking  out  of  a window  at  a passing  parade  everything  suddenly 
appeared  black  to  her,  and  she  called  to  her  sister  who  was  in  the 
room  with  hor  that  she  could  not  see.  She  felt  sick  and  faint. 

The  family  physician  observed  several  of  these  attacks,  and  con- 
cluded her  eyes  must  be  at  fault.  _ 

Patient  is  a large,  healthy-looking  young  woman,  giving  history  as 
above.  Pupils  normal  and  react  properly.  No  apparent  deviation 


45" 


Fig.  54.  Astigmatism  Against  the  Eule,  with  the  Axes  at  45°  and  135° 

(left  eye). 


of  visual  lines.  Ophthalmometer.  Astigmatism  with  the  rule,  25 
D.,  axis  90°  -f  or  180°  — , each  eye. 

Ophthalmoscope.  Emmetropia  each  eye. 

20  20 

Vision,  each  eye  = — : with  -j-  0.25  D.  cyl.,  ax.  180  . 

40  20 

Reads  J.  1 with  and  without  this  glass  and  has  good  range  ot  ac- 


commodation. 

Ordered:  -f  0.25  D.  cyl.  ax.  180°,  constant. 

The  patient  is  entirely  free  from  all  the  asthenopic  symptoms  slie 


formerly  had.  .c  4. 

The  foregoing  history  is  peculiar  for  two  reasons : nrst,  it  is  un- 
usual for  such  marked  .symptoms  to  result  from  so  small  a retractive 
error;  and  second,  it  is  unusual  to  have  so  great  a diminution  m 

vision  made  perfect  with  so  weak  a plus  glass.  • . t •r.-.n 

The  chief  thing  of  interest  in  this  case  from  the  point  ot  view 
of  the  ophthalmometer  is  that  the  patient  should  wear  a 
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D.  cylindrical  glass  against  the  rule  when  the  instrument 
roads  .25  D.  astigmatism  imth  the  rule.  Its  explanation  is  easy,  if 
we  only  keep  in  mind  the  rule  to  deduct  .50  D.  from  the  reading 
of  the  instrument  when  the  astigmatism  is  with  the  rule.  In  the 
above  case  there  is  only  .25  D.  of  corneal  astigmatism,  consequently 
if  the  lentieular  astigmatism  is  of  the  usual  amount  (.50  D.),  it 
vdll  not  only  neutralize  the  .25  D.  of  corneal  astigmatism,  but  leave 
.25  D.  of  its  own,  or  lenticular,  astigmatism  to  be  corrected.  But  why 
does  this  remaining  .25  D.  of  lenticular  astigmatism  require  the  cylin- 
drical glass  to  be  worn  against  the  rule?  This  can  be  explained  bet- 
ter by  diagrams  than  in  any  other  way.  A,  Pig.  55,  shows  the  cor- 
nea, front  view,  and  the  points  where  the  rays  of  light  passing 
through  its  chief  meridians  would  focus  if  no  lenticular  astigmatism 
Avere  present ; B shows  the  lens,  front  view,  and  where  the  rays  of  light 


o Do  P*  ® 

90  “go  90 


Fig.  55.  A shows  the  Focwses  of  the  Two  Chief  Meridians  of  the  Cornea,  assum- 
ing no  Lenticular  Astigmatism;  B,  the  Focuses  of  the  Two  Chief  Mleridians  of 
the  Lens,  Assuming  no  Corneal  Astigmatism;  C,  the  Focuses  of  Their  Com- 
bined Action,  with  .25  D.  Corneal  Astigmatism  with  the  Rule  and  .50  D.  of 
Lenticular  Astigmatism  Against  the  Rule. 


would  focus  after  passing  through  its  two  chief  meridians  if  no  cor- 
neal astigmatism  were  present;  and  C represents  a composite  of  the 
two  as  theyi  actually  are  and  the  points  where  rays  of  light  focus 
after  pa,ssing  through  the  two  chief  meridians  of  each. 

The  horizontal  meridians  of  both  the  cornea  and  the  lens  in  the 
above  cases  are  emmetropic,  as  seen  by  the  diagrams,  and  allow  the 
rays  of  light  to  focus  on  the  retina.  The  vertical  meridian  of  the 
cornea  is  more  curved  by  .25  D.  than  its  horizontal  meridian.  This 
is  demonstrated  by  the  overlapping  of  the  images  of  the  mires  to  the 
extent  of  .25  D,  when  they  are  turned  from  the  horizontal  to  the 
vertical  meridian  after  having  been  approximated.  But  the  vertical 
meridian  of  the  lens  is  too  little  curved  by  .50  D.  It  therefore  neu- 
tralizes the  .25  D.  of  corneal  astigmatism  (which  is  with  the  rule) 
and  leaves  still  .25  D.  lenticular  astigmatism  against  the  rule  in  the 
vertical  meridian  to  be  corrected,  which  requires  .25  D.  cylin- 
drical glass,  axis  180®. 
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Cfl'Ses  showing  the  vaTiotion  of  axes  of  the  chief  meridions  of  curva- 
ture of  the  cornea  from  90°  anid  180°. 

The  majority  of  cases  of  asti^atism  have  their  chief  meridians 
exactly  at  90°“' and  180°,  and,  as  a rule,  the  meridian  that  has  the 
shorter  radius  of  curvature  is  at  90°,  while  the  meridian  that  has 
the  longer  radius  of  curvature  is  at  180°.  Many  times  the  two  chief 
meridians  are  not  exactly  at  90°,  but  vary;  and  this  variation  in 
the  majority  of  cases  is  symmetrical  in  character.  That  is,  in  cases 
of  astigmatism  with  the  rule,  the  shorter  curved  meridians  slpt  the 
same  number  of  degrees  to  the  temporal,  or  nasal,  side  of  90  in  each 
eye,  while  the  longer  curved  meridians  remain  at  right  angles  to  the 
shorter  curved  meridians.  For  example,  if  the  shorter  curved  me- 
ridian in  the  right  eye  is  at  .75°,  that  is  15°  to  the^  nasal  side  of 
90°,  the  shorter  curved  meridian  in  the  left  eye  is  10d°,  or  also  15° 


75“ 


Fig. 


to  the  nasal  side  of  90°.  In  other  words,  both  axes  slant  inward  to 
the  extent  of  15°  (see  Fig.  56). 

On  the  contrary,  usually,  if  the  shorter  curved  meridian  m the 
right  eye  slants  towards  the  temple  30°,  the  shorter  meridian  in  the 
left  eye  slants  toward  the  temple  30°.  In  such  a case,  the  pis  in 
the  right  eye  would  be  at  120°  and  in  the  left  eye  at  60°,  with  the 
longer  curved  meridians  respectively  at  right  angles  (see  Fig.  57). 
In  such  a case,  if  the  patient  were  hypermetropic,  plus  cylinders 
would  be  worn  at  120°  and  60° ; if  myopic,  minus  cylinders  at  30 

and  150°.  in  • 

There  are  a number  of  exceptions  to  this  rule,  however.  For  in- 
stance, the  meridian  of  shorter  radius  of  curvature  may  slant  but 
10°  to  the  temporal  side  of  the  vertical  meridian  in  one  eye,  and  io 
to  the  temporal  side  in  the  other,  etc.  Or,  again,  the  two  chief  me- 
ridians of  curvature  may  be  exactly"  at  90°  and  180°  in  one  eye, 
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while  the  chief  meridians  may  be  slanting  in  the  opposite  eye;  and 
so  on. 

At  rare  intervals,  the  shorter  curved  meridian  in  each  eye  may  slant 
in  the  same  direction  from  the  vertical  meridian,  that  is,  to  the  tem- 
ple in  one  eye  and  to  the  nose  in  the  other.  For  example,  both  of  the 
shorter  curved  meridians  may  be  at  75°  (see  Fig.  58). 

In  astigmatism  against  the  rule  the  longer  curved  meridian  is  at 
90°  or  its  neighborhood,  and  is  subject  to  the  same  variations  as  in 
the  case  of  astigmatism  with  the  rule. 

In  exceptional  cases,  the  two  chief  meridians  of  curvature  stand 
exactly  at  45°  and  135°.  If  this  happens  in  both  eyes,  the  meridian 
of  the  shorter  radius  of  curvature  is  usually  at  45°  in  one  eye  and 
at  135°  in  the  other.  The  symmetry  of  the  eyes,  as  indicated  in  the 
beginning  of  this  section,  is  thus  carried  out.  For  each  shorter  me- 
ridian in  this  instance  would  slant  the  same  number  of  degrees  from 


the  vetrical,  both  either  toward  the  temples,  or  both  toward  the  nose 
(see  Fig.  59). 

In  all  these  cases  the  ophthalmometer  is  of  inestimable  value  in 
finding  the  axes,  and  in  this  regard  no  objective  method  compares 
with  it  for  accuracy  and  facility. 

Both  axes  slamt  30°  to  the  nasal  side  of  the  vertical  meridian,  stand- 
ing at  60°  in  the  right  eye  and  at  120°  in  the  left  eye. 

A.  R.,  aged  27,  had  worn  glasses  for  a year,  but  without  relief  of 
her  eye  symptoms,  which  were  pain,  blurring  of  vision,  headaches, 
etc.  in  fact  typical  asthenopia. 

Ophthalmometer.  Astigmatism  with  the  rule,  1 D,,  axis  60°  + 
or  150°  — right  eye;  1 D.,  axis  120°  or  30°  — left  eye. 

In  the  present  ease,  in  the  right  eye,  the  black  lines  dividing  the 
mires  were  not  straight  at  0°,  but  were  at  150°,  and  that  was  the 
sterling  point  or  primary  position.  The  mires  were  approximated 
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and  the  indicator  turned  at  right  angles  to  the  primary  position  or 
to  60°,  where  they  overlapped  one  step.  This  was,  therefore,  astig- 
matism 1 D.  with  the  rule,  axis  60°  or  150°  — . 

In  the  left  eye  the  primary  position  was  found  at  30°,  and  the  sec- 
ondary position  at  120°. 

Test  cards  and  trial  lenses. 


20  20 

R.  V.  — W.  + .50  D.  cyl.,  60°. 

30  20 

20  20 

L.  V.  = — : — W.  + .50  D.  cyl.,  120°. 
20  15 


rig.  60. 


Reads  Jaeger  No.  1 at  6 inches. 

Ophthalmoscope.  Hypermetropic  astigmatism  in  each  eye. 

On  the  second  test  the  patient  accepted  the  same  glasses  as  at  the 
first.  Ordered : 


.50  D.  cyl.,  ax.  .60°  right; 
+ .50  D.  cyl.,  ax.  120°  left. 


Both  of  the  shorter  axes  slant  15°  to  the  temporal  side  of  the  vertical 
meridian,  standing  at  105°  in  the  right  eye  and  at  75°  in  the  left  eye. 
H.  M.,  aged  30,  complained  that  the  eyelids  became  red  and  swol- 
len at  times,  and  of  frontal  headaches  and  pains  in  the  eyeballs.  Her 
general  health  was  good. 

Ophthalmometer.  Astigmatism  with  the  rule,  1 D.  105°  -j-  or  15 
— right  eye;  1.50  D.,  75°  -|-  or  165°  — left  eye. 
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Test  cards  and  trial  lenses. 

20  20 

R.  V. : — W.  + .50  D.,  cyl.,  105°. 

30  20 

20  20 

L.  V. : _ W.  + 1 D.,  cyl.,  75°. 

70  20 

Reads  Jaeger  No.  1 at  7 inches. 

Ophthalmoscope.  Hypermetropic  astigmatism  with  the  rule. 
A second  test  resulted  the  same  as  the  first.  Ordered : 

+ .50  D.  cyl.,  105°  right  eye; 

4-  1 D.  cyl.,  75°  left  eye.  Relief  to  all  symptoms. 


L E. 


R.  E. 


Fig.  61. 


Both  axes  slant  hut  5°  to  the  temporal  side  of  the  vertical  meridian, 

standing  at  95°  in  the  right  eye  and  at  85°  in  the  left  eye. 

Miss  F.  J.  0.,  aged  20,  for  two  years  troubled  by  shadows  whirling 
around  in  front  of  her  eyes.  These  shadows  not  constant,  but  ap- 
pear at  intervals  and  are  annoying  to  the  patient.  She  has  no  head- 
aches and  no  pain  in  the  eyes. 

Ophthalmometer.  Astigmatism  with  the  rule,  1.50  D.,  axis  95°  -f- 
or  5°  — right  eye;  1 D.,  axis  85°  -f-  or  175°  — left  eye. 

The  primary  position  was  found  at  5°  and  the  secondary  at  95° 
in  the  right  eye.  The  primary  position  was  found  at  175°  and  the 
secondary  at  85°  in  the  left  eye. 

It  will  be  noticed  that  in  most  cases  of  astigmatism  with  “off” 
axes,  that  is,  with  the  axes  away  from  90°  and  180°,  the  secondary 
position  can  be  obtained  by  adding  90°  to  the  primary  position  when 
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that  is  less  than  90°,  and  by  subtracting  90°  from  the  primary  posi- 
tion when  it  is  less  than  90°.  For  instance,  in  this  case  the  primary 
position  in  the  right  eye  is  at  5°,  add  90°  to  it,  and  we  get  95°,  the 
secondary  position.  In  the  left  eye  the  primary  position  is  at  175°, 
subtract  90°  from  it,  and  we  get  85°,  the  secondary  position.  This 
is  true  in  all  cases  when  the  chief  meridians  are  at  right  angles  to 
each  other,  and  they  usually  are. 

Test  cards  and  trial  lenses. 

20  20 

R.  V,  = : — W.  + 1 D.  cyl.,  95°. 

40  20 

20  20 

L.  V.  = : — W.  + 1 D.  cyl.,  85°. 

40  20 

Reads  Jaeger  No.  1 4 to  16  inches. 


Fig.  62. 


Ophthalmoscope.  Simple  hypermetropic  astigmatism  with  the  rule. 
A second  test  with  test-cards  and  trial  lenses  resulted  as  follows: 

20  20 

R.  V.  = : — W.  + 1 D.  cyl.,  95°. 

40  20 

20  20 

L.  V.  : — W.  + .75  D.  cyl.,  85°. 

40  20 

Ordered : 

-(-ID.  cyl.,  95°  right; 

-f  .75  D.  cyl.,  85°  left. 

Two  months  later  the  glasses  were  satisfactory. 
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Axis  vertical  or  90°  in  one  eye,  and  15°  from  the  vertical  in  the  other 
eye,  standing  at  75°. 

L.,  aged  15,  has  suffered  from  a typical  asthenopia  and  a mild  con- 
junctivitis. He  is  in  good  general  health,  but  a close  student. 

Ophthalmometer.  Astigmatism  with  the  rule  1 D.,  axis  75°  or 
165°  — right  eye;  2.50  D.,  axis  90°  + or  180°  — left  eye. 

The  primary  position  in  the  right  eye  was  found  at  165°  and  the 
secondary  at  75°.  The  primary  position  in  the  left  eye  was  found 
at  0°  or  180°  and  the  secondary  at  90°. 


75”  90” 


Test  cards  and  trial  lenses. 

20  20 

B.  V.  : — W.  -h  .75  D.,  cyl.,  75°. 

40  20 

20  20 

L.  V.  : — W.  + 2 D.,  cyl.,  90°. 

70  20 

Reads  Jaeger  No.  1 at  5 inches. 

Ophthalmoscope.  Simple  hypermetropic  astigmatism  with  the  rule 
in  each  eye. 

Ordered. 

-f  .75  D.  cyl.,  75°  right; 

-f  2.  D.  cyl.,  90°  left. 

The  glasses  were  satisfactory. 

Both  axes  slant  15°  in  the  same  direction  from  the  vertical  meridian, 
to  the  temporal  side  in  the  right  and  to  the  nasal  side  in  the  left, 
standing  in  each  at  105°. 

R.  E.  P.,  aged  37,  had  frontal  headaches  and  pains  in  the  eyes  after 
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reading  or  working.  His  general  health  not  very  good;  is  a busi- 
ness man  and  overworked.  • -.nco  p 

OphtJialmameter.  Astigmatism  with  the  rule  1 D.,  axis  105  -f  or 

5^50 each  eye.  The  primary  position  in  each  instance  was  found 

at  15°  and  the  secondary  at  105°. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  ; — W.  + .50  D.  cyl.,  105°. 

20  15 

20  20 

L V.  : — W.  + .50  D.  cyl.,  105°. 

20  15 

Reads  Jaeger  No.  1 7 to  18  inches. 


105° 


Ophthalmoscope.  Simple  hypermetropic  astigmatism  in  each  eye. 
On  a second  test  the  patient  accepted  the  same  glasses  as  at  first. 
Ordered:  + .50  D.  cyl.,  105°,  each  eye.  These  glasses  continued  to 
give  relief  and  comfort  for  six  months,  after  which  the  patient  was 
lost  sight  of. 

Astigmatism  against  the  ride  where  the  axes  of  the  glasses  slant  relo 
tively  the  same  number  of  degrees,  from  the  horizontal  meridian, 
standing  at  15°  in  one  eye  and  at  165°  in  the  other  eye. 

In  hypermetropic  astigmatism  against  the  rule  and  myopic  astigma- 
tism with  the  rule,  when  axes  vary  from  90°  and  180°,  they  usually 
slant  the  same  number  of  degrees  and  relatively  in  the  same  direction 
from  the  horizontal  meridian.  However,  there  are  exceptions  just  as 
numerous  as  the  variations  noted  in  cases  of  hypermetropic  astigma- 
tism with  the  rule,  above  reported,  and  myopic  astigmatism  against 
the  rule  (to  be  reported)  in  regard  to  the  vertical  meridian. 
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Mrs.  R.,  aged  39,  had  worn  glasses  for  a year,  but  her  eyes  continued 
to  pain  her  when  she  did  any  near  work.  Frontal  headaches,^  dizzi- 
ness, and  a drawing  sensation  in  the  eyes  are  the  symptoms  most 

complained  of.  • ico  i 

Ophthalmometer.  Astigmatism  against  the  rule,  .50  D,,  axis  15  -f- 

or  105°  — right  eye;  .25  D.,  axis  165°  + or  75°  — left  eye. 

The  primary  position  in  the  right  eye  was  found  at  15°,  the  imj 
ages  of  the  mires  approximated  and  the  indicator  turned  to  105° 
when  the  images  separated ; the  images  were  again  approximated  and 
the  indicator  turned  back  to  15°,  the  primary  position,  when  an  over- 
lapping of  one-half  a step  took  place. 

In  the  left  eye  the  primary  position  was  found  at  165°,  the  sec- 
ondary at  75°  where  the  images  separated.  The  images  were  again 


Fig.  65. 

approximated  and  turned  back  to  the  primary  position,  when  an 
overlapping  of  a quarter  of  a step  took  place,  reading,  therefore,  as- 
tigmatism against  the  rule,  .25  D.,  axis  165°  or  75°  — . 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = : h W.  -h  1 D.  cyl.,  15°. 

30  20 

20  20 

L.  V.  : 1-  W.  -f  .50  D.  cyl.,  165°. 

20  20 

Reads  Jaeger  No.  1 at  8 inches. 

Ophthalmoscope.  Simple  hypermetropic  a.stigmatism  against  the 
rule  each  eye.  Ordered: 

-f  1 D.  cyl.,  15°  right  eye; 

-j-  .50  D.  cyl.,  165°  left  eye. 
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Astigmatism  with  axes  at  45°  and  135°. 

Annie  D.,  aged  14,  was  in  good  health,  but  suffered  constantly 
from  her  eyes,  more  when  she  used  them  for  close  work — a typical 
case  of  asthenopia. 

Ophthalmometer.  In  the  right  eye  the  lines  dividing  the  mires 
became  straight  with  each  other  at  135°  (primary  position)  ; the 
images  of  the  mires  were  then  approximated  and  turned  to  45°  (sec- 
ondary position),  when  two  steps  of  overlapping  took  place;  astig- 
matism with  the  rule,  2D.,  axis  45°  + or  135°  — . In  the  left  eye 
the  primary  position  was  also  found  at  135°,  the  images  of  the  mires 
approximated,  and  the  indicator  turned  to  45°  (secondary  position), 
when  the  images  of  the  mires  separated.  The  images  were  again 
approximated,  and  the  indicator  turned  hack  to  the  primary  posi- 


tion at  135°,  when  they  overlapped  two  steps;  astigmatism  against 
the  rule,  2 D.,  axis  135°  or  45°  — . 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = — : — W.  + 1.50  D.  cyl.,  45°. 

50  30 

20  20 

L.  V.  = — : — W.  + 2 D.  cyl.,  135°. 

50  30 

Reads  Jaeger  No.  1 at  5 inches. 

Ophthalmoscope.  Simple  hypermetropic  astigmatism. 

A second  test  was  given  and  the  patient  accepted  the  same  glass. 
Ordered. 

+ 1.50  D.  cyl.,  45°  right  eye; 

-f  2 D.  cyl.,  135°  left  eye. 
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Compound  hypermetropic  astigmatism  against  the  rule;  lenticular 
astigmatis^m  ivith  the  rule. 

The  patient,  {et.  44,  has  trouble  while  doing  near  work. 
Ophthalmometer.  Astigmatism  with  the  rule,  25  D.,  axis  90  -f- 

01*  180°  — , right  eye. 

Astigmatism  with  the  rule,  1 D.,  axis  90°  -|-  or  180°  , left  eye. 

Test  cards  and  trial  lenses. 


20  20 

R.  V.  = : 1-  W.  + .75  eyl.,  180°. 

20  15 

20  20 

L.  V.  = ; _ + W.  + 75  D. 

15  15 


Reads  Jaeger  No.  1 from  8 to  20  inches,  W.  + 75  D.  added. 
Ophthalmoscope.  H.  75  D.  at  90°,  and  Em.  at  180°,  R.  E. 
H.  1 D.  L.  E.  Normal  fundi. 

Ad.  7°,  ah.  3°,  surs.  R.  & L.  1°. 

Test  cards  and  trial  lenses. 


20  20 

R.  V.  : _ + W.  + .75  cyl.,  180°. 

20  15 

20  20 

L.  V.  = : f-  W.  + .25  cyl.,  180°  = + .50  D. 

15  15 


Reads  Jaeger  No.  1 from  8 to  20  inches  with  + .75  D.  added. 


Ordered : 


.75  D.  = + -75  cyl.,  180°. 
4-  1.25  D.  ==  + .25  cyl.,  180°. 


Three  months  later,  ophthalmometer; 

(Corneal)  astigmatism  with  the  rule,  .50  D.,  axis 
90°  + or  180°. 

(Lenticular)  against  the  rule,  .50  D.  180° 


90°  -. 


right 

eye 


(Corneal)  astigmatism  with  the  rule,  1.25  D.,  axis  -j 
90°  + or  180°  — . . left 

(Lenticular)  astigmatism  against  the  rule,  1.50  eye 
1).,  axis  180°  + or  90°  -. 

Test  cards  and  trial  lenses. 


20  20 

R.  V.  = : - + W.  + 1-50 

30  15 

20  20 

L V.  : HW.  + 1.25  = -f  25  cyl.,  180°. 

30  15 

Reads  Jaeger  No.  1 from  8 to  20  inches,  W.  + 1.75  D.  added. 
Ad.  8°,  ah.  4°,  sur.  R.  & L.  2°. 
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Ophthalmoscope.  H.  1.50  D.  each.  Ordered: 
+ 3.25 

+ 3.  = + 25  cyl.,  180°. 


Hypennetropia:  astigmatism  with  the  axis  at  110°  in  each  eye. 
M,  M.,  aged  34  years,  has  difficulty  for  near  work,  sewing. 
Wearing: 

+ 2.50  D.,  cyl.,  110°. 

4-  2.  D.,  cyl.,  110°. 

Ophthalm&meter.  Astigmatism  with  the  rule,  3.50  D.,  axis  110°  -f 
or  20°  — right  eye;  2.50  D.,  axis  110°  -f-  oi’  20°  — left  eye. 

2'est  cards  and  trial  lenses. 

20  20 

R.  V.  = — : W.  + 3.00  D.,  cyl.,  110°. 

70  30 

20  20 

L.  V.  = — : W.  + 2.25  D.,  cyl.,  110°. 

70  30 

Reads  Jaeger  No,  1 from  6 to  17  inches. 

Ophthalmoscope:  Hypennetropia,  .50  D,  at  110°,  4 D.,  at  20° 
right  eye. 

Hypennetropia,  50  D.  at  110°,  and  2.50  D.  at  20°  left  eye. 

Ten  days  later,  test  same.  Ordered : 

4-  3,  D.,  cyl.,  110°,  right. 

4-  2.25  D.,  cyl.,  110°,  left. 


Myopic  astigmatism  against  the  rule  (corneal  and  lenticular). 

J.  C.,  aged  25  years,  complains  of  difficulty  in  reading.  Wearing, 
right,  — 1.75  D,  cyl,,  115°;  left,  — 1.  D.  cyl.,  50°. 


Ophthalmmneter.  Astigmatism  against  the  rule 
(corneal)  .75  D.,  30°  4-  or  120° — , right 

Astigmatism  against  the  rule  (lenticular)  .75  D.,  leye 
30°  4-  or  120°  — . 


Astigmatism  against  the  rule  (corneal)  .75  D., 
150°  4-  or  60°  — . 

Astigmatism  against  the  rule  (lenticular)  .50  D., 
150°  4-  or  60°  — . 

Test  cards  and.  trial  lenses. 


deft 

eye 


20  20 

R.  V.  = — : h W.  — 1.37  cyl.,  120°. 

40  15 

20  20 

L.  V.  = — : W.  — 1.00  eyl.,  55°. 

40  15 


Reads  Jaeger  No.  1 from  6 to  18  inches. 
Ad.  15° ; ab.  4° ; sur.  R.  & L.  2°. 
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Ophthalmoscope  shows  H.  1.50  D.  at  30°,  and  E.  at  120  , R.  E. . 
]\I  1.  D.  at  150°  and  E.  at  60°  L.  E. 

Ordered : 

— 1.37  cyl.,  120°. 

— 1 cyl.,  55°.  Satisfactory. 


CHAPTER  X. 

COMPOUND  HYPERMETROPIC  ASTIGMATISM — SPASM  OF  ACCOMMODATION 

ILLiUSTRATIVE  CASES. 

To  emphasize  the  importance  of  correcting  the  astigmatism,  first,  if 
there  happens  to  he  only  a simple  astigmatism  present,  we  have  gone 
to  the  root  of  the  trouble  at  once ; and  if  a spherical  error  is  present 
in  addition  to  the  astigmatism,  we  have  disposed  of  the  astigmatism  and 
have  only  the  spherical  error  left  to  deal  with,  as  in  simple  hyperme- 
tropia  and  myopia.  This  method  of  procedure  is  of  great  advantage 
when  there  is  a tendency  to  spasm  of  accommodation:  for  after  the 
a.stigmatism  has  been  corrected  in  each  eye  separately,  we  can  then 
put  spherical  glasses  before  both  eyes  at  once.  In  this  way , as  is  well 
known,  the  tendency  to  spasm  of  accommodation  is  overcome,  and 
the  patient  many  times  accepts  stronger  plus,  or  weaker  minus,  glasses 
than  when  one  eye  is  tested  at  a time.  However,  it  should  not  be 
forgotten  that  spherical  glasses  should  be  tried  in  addition  to  the 
cylindrical  glasses  on  each  eye  separately,  before  both  eyes  are  tried 
together,  for  there  may  be  more  spherical  error  in  one  eye  than  the 
other.  For  example,  say  the  patient  accepts  in  the  right  eye  + 1 D. 
-f-  2 D.  cyl.,  90°,  and  in  the  left  eye  -f"  .50  D.  -f"  2 D.  cyl.,  90°,  when 
each  eye  is  tested  separately.  If  we  suspect  spasm  of  accommoda- 
tion, we  should  leave  the  cylindrical  glasses  as  they  are  and  place 
in  front  of  them  at  the  same  time  a + .25  D.  stronger  spherical 
glass  than  they  accepted  singly.  In  this  instance,  in  front  of  the 
right  eye  -j-  1.25  D.  and  in  front  of  the  left  + .75  D.  If  these  are 
accepted,  add  + .25  D.  stronger  sphere  and  so  continue  till  the 

vision  begins  to  be  made  worse. 

Tn  compound  hypermetropic  astigmatism,  spasm  of  accommodation 
is  more  often  present  perhaps  than  in  a,ny  other  error  of  refraction. 

Amblyopia,  wliieli  is  often  present  in  high  degrees  of  compound 
liypennetropic  astigmatism,  is  often  a stumbling-block  for  begin- 
ners, on  account  of  which  they  often  use  a cycloplegic  when  none  is 
called  for.  In  such  ca.ses,  not  being  able  to  improve  the  vision  much 
with  any  gla.ss,  they  think  perhaps  it  is  their  own  fault  in  not  fit- 
ting the  glasses  correctly  that  the  patient  docs  not  obtain  better 
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vision,  not  stopping  to  consider  that  amblyopia  may  be  present,  and 
that  no  glass  whatever  will  give  better  vision.  They  accordingly 
use  a cycloplegie,  but  find  after  all  that  the  patient  cannot  be  made 
to  see  any  better  with  the  glasses  accepted  under  the  use  of  a cyclo- 
plegic  than  with  those  accepted  at  first.  They  have  simply  Iuk' 
their  trouble  for  nothing,  besides  giving  the  patient  great  inconven- 
ience. 

The  winter’s  practice  in  such  cases  is  to  give  two  tests  on  different 
days;  if  the  second  test  corresponds  with  the  first  the  glasses  that 
are  accepted  are  ordered,  though  they  do  not  improve  the  vision 
much.  By  the  use  of  the  ophthalmometer  we  know  if  any  corneal 
astigmatism  is  present  or  not,  and,  if  present,  its  axis  and  amount. 
With  this  important  point  ascertained  we  know  approximately  be- 
forehand what  cylindrical  glass  the  patient  should  accept  and  do  not 
have  to  depend  so  much,  on  his  answers.  After  the  astigmatism  is 


once  corrected,  the  spherical  part  of  the  error  is  corrected  with 
comparative  ease.  If  the  two  tests  do  not  agree,  and  if  there  is  a 
question  of  spasm  of  accommodation,  do  not  hesitate  to  use  a cyclo- 
plegic  and  a strong  one.  Afterwards,  retinoscopy  may  be  brought 
to  the  aid  of  the  other  tests.  The  phakometer  should  be  used  along 
with  the  other  objective  tests. 

The  follovung  cases  serve  to  bring  out  the  points  mentioned  above. 

Large  amount  of  astigmatism  with  the  axis  slanting  relatively  the 
same  number  of  degrees  from  the  vertical  meridian,  15°  to  the  nasal 
side,  in  ecu:h  eye;  Patient  accepts  a.  compound  plus  glass  with  relief 
of  asthenopic  symptoms. 

M.  D.,  aged  24,  in  good  health,  but  her  eyes  ache  after  she  uses 
them  for  a short  time  for  close  work,  especially  in  the  evening. 

Ophthalmometer.  Astigmatism  with  the  rule,  3 D.,  axis  75°  -|-  or 
165°  — right  eye;  3 D.,  axis  105°  -|-  or  15°  — left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = : _ w.  + 3 D.  + 2.50  D.  eyl.,  75°. 

70  40 

20  20 

L.  V.  ; _ w.  -f  3 D.  + 2.50  D.  cyl.,  105°. 

70  40 

Reads  Jaeger  No.  1 from  6 to  17  inches. 
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Ophthalmoscope.  Hypermetropia  3.50  D.  at  75°  and  6.50  D.  at 
165°  right  eye;  and  3.50  D.  at  105°  and  6.50  D.  at  15°  left  eye. 

The  lines  on  the  clock-dial  from  X to  IV  were  seen  best  with  the 
right  eye,  and  from  II  to  VIII  with  the  left  eye.  The  simple  cylindri- 
cal glass  before  each  eye  served  to  bring  out  all  the  lines  on  the 
clock-dial  equally  clear,  indicating  that  the  astigmatism  had  been 
corrected.  On  a second  test  the  patient  accepted  exactly  the  same 
glasses  as  on  the  first  test,  and  they  were  ordered,  and  have  been 
worn  with  comfort  ever  since.  See  p.  2297,  Vol.  Ill  of  this  Ency- 
clopedia. 

Astigmatism  against  the  rule,  1 D.,  with  the  axis  15°  from  the  hori- 
zontal meridian  in  each  eye;  Patient  aocepts  compound  plus  glasses 
and  gets  relief  from  asthenopid. 

Mrs.  C.  W.  T.,  age  39,  in  good  general  health,  came  for  glasses  on 
account  of  painful  vision  and  headaches.  The  pupil  in  the  left  eye 


R.  E. 


L.  E, 


Fig.  68. 


was  dilated  for  some  weeks  when  she  was  a child,  from  some  unknown 
cause.  There  is  no  history  of  scarlet  fever,  diphtheria  or  any  serious 
illness.  The  pupils  are  normal  in  size  and  reactions. 

Ophthalmometer.  Astigmatism  against  the  rule,  1 D.,  axis  15° 
or  105°  — right  eye;  1 D.,  axis  165°  -f-  or  75°  — left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  : — W.  + 1 D.  + 1 D.  cyl.,  15°. 

30  15 

20  20 

L.  V.  = — : — W.  + .75  D.  + 1 D.  cyl.,  165°. 

30  15 

Reads  Jaeger  No.  1 8 to  18  inches,  each  eye. 
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Ophtluilmoscope.  II.  2.50  D.  at  105°  and  1.50  D.  at  15°,  right  eye; 
II.  2.50  D.  at  75°  and  1.50  D.  at  165°,  left  eye. 

On  a second  test,  three  days  later,  the  patient  accepted  exactly  the 
same  glass  in  the  left  eye  and  a (piarter  diopter  weaker  spherical  glass 

in  the  right.  Ordered : 

+ .75  D.  + 1 D.  cyl.,  15°  right; 

+ .75  D.  + 1 D.  cyl.,  165°  left. 


Small  amount  of  astigmatism  associated  with  a large  amount  of  hyper- 
■metropia;  Marked  asthenopia:  Relief  with  glasses. 

Miss  M.  n.,  aged  35,  in  good  health,  has  worn  glasses  for  six  yeai-s. 
The  vision  blurs  after  reading  for  a few  moments,  and  she  has  to  stop 
and  rub  the  eyes  before  she  can  continue.  . q^o  , 

Ophthalmometer.  Astigmatism  with  the  rule,  1.2o  L).,  axis  JO  + 
or  180°  — right  eye;  1.25  1).,  axis  105°  -f-  or  15°  left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  : — AV.  + d O.  + •'75  1).  cyl.,  90°. 

200  40 


20  20 

L.  V.  = : — AV.  + 4 1).  + .75  1).  cyl.,  105°. 

200  40 

Reads  Jaeger  No.  1 71/.  to  17  inches.  tt  i 

Ophtholmoscope.  II.  4 D.  at  90°  and  o D.  at  180  right  eje;  II. 

D.  at  105°  anil  5 D.  at  15°  left  eye. 

A second  te.st  resulted  in  the  patient  accepting  exactly  the  same 
glasses  as  at  the  first  test,  and  they  were  ordered.  They  have  been 
worn  four  years,  with  entire  relief  of  a.sthenopic  symptoms. 

The;  point  of  interest  in  this  ea.se,  as  far  as  fitting  the  glasses  is 
concerned,  is  the  order  of  secpicnce  in  which  the  glas.ses  should  be 
placed  in’ the  trial  frames  during  the  te.st.  That  is,  if  cylindrical 
gla.sses  should  be  tried  first,  or  spherical  glasses.  The  writer  . 4. 
Med  Journ.,  June  20,  1896)  believes  that  in  cases  of  compound  astig- 
matism it  is  always  best  to  correct  the  astigmatism  first,  unless  there 
is  a large  amount  of  spherical  error  present  a hypermetropia  of 
4 D.  or  more,  a myopia  of  6 D.  or  more,  with  only  a small  amount 
of  akigmatism  present.  In  these  cases,  complicated  with  an  astig- 
matism of  as  much  as  1 D.,  the  cylindrical  glass  will  be  appreciated 
and  vision  improved  to  a slight  extent  with  it  alone,  and  betoie 
the  spherical  glass  is  added.  The  tendency  in  such  cases  (large 
amount  of  .spherical  error  associated  with  small  amount  of  astigma- 
tism) where  the  cylindrical  gla.sses  are  tried  first,  is  for  the  patient 
to  accept  too  strono:  cylindrical  glasses.  AVe  are  careful  in  such 
cases,  at  the  close  of  the'test,  to  weaken  the  cylindrical  glasses  slightly 
and  at  the  same  time  to  increase  the  strength  of  the  spherical  glasses 
a little,  to  see  if  the  vision  is  improved  by  the  change.^  If  it  is,  we 
make  the  change ; if  not,  we  give  the  original  glass  as  first  accepted. 
Alention  of  this  fact  here  is  for  the  benefit  of  beginners  and  because 
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it  is  a point  of  practical  importance.  On  the  other  hand,  for  those 
who  make  it  a habit  to  correct  the  spherical  error  first,  that  the 
reverse  condition  holds ; that  is,  the  patient  is  liable  to  accept  too 
strong  a spherical  glass  relative  to  the  cylindrical  glass.  In  such 
case  it  is  well  to  weaken  the  spherical  glass  at  the  close  of  the  test 
and  at  the  same  time  increase  the  strength  of  the  cylindrical  glass  to 
find  if  vision  can  be  improved. 

Again,  in  such  cases  as  the  one  reported,  the  patient  may  accept 
the  cylindrical  glass  as  indicated  by  the  ophthalmometer  without 
either  improving  or  making  the  vision  worse.  Then  leave  the  cylin- 
drical glass  on  and  proceed  to  correct  the  spherical  error.  When  this 
is  corrected,  you  will  find  that  the  vision  is  made  worse  if  the  cylin- 
drical glass  is  removed,  though  while  the  cylindrical  glass  was  on 


90“ 


105® 


Fig.  69. 


alone  it  seemed  not  to  affect  the  vision  one  way  or  the  other.  This 
is  easily  accounted  for.  The  spherical  error  being  large,  and  the  as- 
tigmatism being  small,  the  cylindrical  glass  while  on  by  itself  has 
but  little  appreciable  effect,  but  when  the  spherical  error  is  corrected 
(if  there  is  not  a marked  amblyopia  present),  the  vision  is  brought 
up  to  something  like  the  normal,  and  the  eye  can  then  appreciate  the 
presence  or  absence  even  of  a weak  cylindrical  glass,  which  it  could 
not  do  at  first. 


HypermetrojHc  in  ecLclv  eye  of  eQual  amount,  2 -D./ 

Patient  accepts  a simple  phis  cylindrical  fflass  in  one  eye,  and  a 
compound  plus  glass  in  the  other;  Relief  from  asthenopia. 

D.,  aged  25,  has  good  general  health,  but  has  had  weak  eyes  since 
childhood.  After  any  close  work  she  has  headaches  and  pains  in  the 
eyes,  especially  the  left  eye. 
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Ophthalmometer.  Astigmatism  with  the  rule,  2 D.,  axis  75°  -f 
or  165°  — right  eye ; 2 D.j  axis  120°  + or  30°  — left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  : - W.  + 1.75  D.  cyl.,  75°. 

70  30 

20  20 

L.  V.  : — W.  + 1.50  D.  cyl.,  120°. 

70  30 

Reads  Jaeger  No.  1 5^/2  to  17^  inches. 

Ophthalmoscope.  H.  2 D.  at  165°  and  emmetropia  at  75°  right 
eye;  H.  .50  D.  at  120°  and  H.  2 D.  at  30°  left  eye. 


75'  120' 


Fig.  70. 

Two  days  later  a second  test  was  made.  The  ophthalmometer  read 
exactly  the  same,  both  as  to  the  axis  and  amount  of  the  astigmatism  i 1 
in  the  left  eye  as  at  the  first  test,  and  the  same  axis,  but  .50  D.  more  • < 
in  amount,  for  the  right  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  : — W.  + 2 D.  cyl.,  75°. 

70  20 

20  20 

L.  V.  : — W.  + .50  D.  + 1.50  D.  cyl.,  120°. 

70  20 

Reads  Jaeger  No.  1 5^  to  17^  inches. 

These  glasses  have  been  worn  constantly  with  relief. 
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Compound  hypei'nietropic  astigmatisin  against  the  rule  m one  eye; 
Large  amount  of  hypermetropia  in  the  other  eye;  Marked  asthe- 
nopia; Belief  with  the  use  of  glasses. 

F.  D.  M.,  aged  21,  in  poor  general  health,  and  is  very  nervous  and 
easily  excited  or  depressed.  Her  mother  was  a very  nervous  womaii 
also.  The  patient  suffers  much  from  fatigue  and  often  has  head- 
aches, and  her  eyes  pain  after  any  close  work  or  reading.  There  is 

a mild  conjunctivitis.  ^ or  • qoo 

Ophthalmometer.  Astigmatism  against  the  rule,  .25  D.,  axis  du 
+ or  120°  — right  eye;  astigmatism  with  the  rule,  .50  D.,  axis 
90°  or  180°  — left  eye. 


120“ 


Fig.  71. 


Test  cards  and  trial  lenses. 

20  20 

R.  V.  = — : — W.  -f  3 D.  -f  .75  D.  cyl.,  30°. 

30  20 

20  20 

L.  V.  = — : — W.  -I-  6 D. 

200  100 

Reads  Jaeger  No.  1 at  6 inches  with  the  right  eye,  Jaeger  No.  4 at 
the  same  distance  with  the  left  eye. 

Ophthalmoscope.  D.  4 D.  at  120°  and  3 D.  at  30°  right  eye ; H.  7 
D.  left  eye. 

The  second  test  resulted  in  the  patient  accepting  the  same  glasses 
as  at  the  first  test,  and  they  were  accordingly  ordered.  She  wore 
these  glassas  for  eighteen  months  with  great  comfort,  though  at  times 
she  suffered  from  headaches  when  greatly  exhausted.  Her  general 
health  improved  considerably,  but  she  is  still  easily  excited. 
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Compound  hypermetropic  astigmati-sm,  ivith  the  chief  meridians  of 
curvature  at  45°  and  135° ; Marked  asthenopia : Relief  unth  glasses. 
B.  F.,  aged  39,  in  good  general  health,  has  had  “weak  eyes’’  since 
childhood.  When  thirteen  years  old  she  had  “drpps,”  salve,  and 
glasses  prescribed.  She  had  but  little  trouble  after  that  until  eight 
years  ago,  when  the  eyes  became  painful,  the  eyelids  red,  and  trou- 
blesome headaches  followed,  after  using  the  eyes  for  close  work. 

Ophthalmometer.  Astigmatism  against  the  rule,  75  D.,  axis  135°  -j- 
or  45°  — right  eye;  astigmatism  with  the  rule,  75  D.,  axis  45°  -f 
or  135°  — left  eye. 


Test  cards  and  trial  lenses. 

20  20 

R.  V.  = : — W.  + .75  D.  + .25  D.  cyl.,  135°. 

15  15  N 

20  20 

L.  V.  = : — W.  + 1 D.  + .25  D.  cyl.,  45°. 

15  15 

Reads  Jaeger  No.  1 71/2  to  18  inches. 

Ophthalmoscope.  Hypermetropia  of  1.50  D.  in  each  eye.  It  was 
impossible  to  estimate  the  small  amount  of  astigmatism. 

Second  test,  three  days  later,  resulted  as  follows:  Ophthalmome- 
ter gave  the  same  reading  as  on  the  previous  examination. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = : — W.  + 1.25  D.  + .25  D.  cyl.,  135°. 

15  15 
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20  20 

L V = . _ W.  + 1.25  D.  + .25  D.  cyl.,  45°. 

■ ■ 15  15 

The  ophthalmoscope  showed  tfic  same  amount  of  H.  as  at  the  first 

examination.  Ordered: 

+ 1.25  D.  + -25  D.  cyl.,  135°; 

+ 1.25  D.  + .25  D.  cyl.,  45°. 

These  glasses  were  worn  constantly  for  three  and  one-half  yeais 
and  with  entire  relief  of  her  blepharitis  marginalis  and  freedom  from 
Senopia.  At  the  end  of  this  time  + 50  D was  added  to  the 
o-la.sses  for  reading  purposes,  on  account  ot  presbyopia.  ^ 

Here  again  the  ophthalmometer  was  of  great  assistance,  for 
pointed  wt  the  small  amount  of  astigmatism  that  was  present  and 
at  the  unusual  axes  of  45°  and  135°,  which  astigmatism,  by  the  way 
had  been  overlooked  at  her  previous  tests  under  a cycloplegic.  i e 
instrument  read  astigmatism  against  the  rule  in 
with  the  rule  in  the  left  eye,  and  an  equal  amount  in  each,  .<5  U. 
In  the  right  eye,  instead  of  adding  .50  D.  to  the  reading  of  tlm  i - 
strument,  as  is  usual  in  cases  of  astigmatism  against  the  rule,  .50  U. 
had  to  be  deducted,  just  as  in  the  left  eye,  where  the  astipnatism 
was  with  the  rule.  It  must  be  remembered  that,  when  the  chief  me- 
ridians of  curvature  are  at  45°  and  135°,  the  exact  halfway  points 
between  0°  and  90°  on  one  side,  and  90°  and  180°  on  the  other  side 
of  the  90°,  the  terms  “with  the  rule”  and  against  the  rule  do 
not  strictly  hold,  for  the  meridians  at  these  points  are  just  as  near 
to  90°  as  they  are  to  180°.  In  other  words,  they  are  on  the  divid- 
ing lines  between  astigmatism  with  the  rule  and  astigmatism  against 
thi  i^e  Consequently  the  usual  addition  of  50  D to  the  reading 
of  the  instrument,  as  in  astigmatism  agamst  the  rule,  and  the  sub- 
traction of  .50  D.  from  it,  as  in  astigmatism  with  the  rule,  does  not 
hold  very  strictly  in  these  cases.  Knowing  the  axis  of  the  astigma- 
tism, however,  the  amount  of  it,  even  were  it  no^t  indicated  by  the 
instrument,  is  usually  easily  obtained  by  subjective  tests  with  the 
trial  glasses,  especially  if  the  method  of  beginning  the  test 
weakest  plus  glass  and  gradually  increasing  it  in  strength  is  f^l^wed- 
For  instance,  in  this  case  we  began  the  subjective  test,  right  eye  witl 
+ 25  D.  cylindrical  glass,  axis  135°,  which  was  accepted  with  im- 
Jovement  in  the  vision.  Then  + .50  D.  cyl.,  same  axis  was  tried, 
but  not  accepted.  Then  + .25  D.  sphere  was  added  to  the  -j-  .25  1). 
cyl  which  improved  vision.  The  spherical  glass  was  increased  in 
strength  + .25  D.  at  a time,  till  the  patient  accepted  + 1.2o  D.s  in 
addition  to  the  .25  D.  cyl.,  axis  135°,  which  gave  her  the  ^^st  vision. 
Exactly  the  same  course  was  pursued  with  the  left  eye.  Ihe  pha 
kometer  and  retinoscope  should  be  used  in  all  doubtful  cases,  after  a 
cycloplegic  has  been  instilled. 

Astigmatism  ac/ainst  the  rule  in  one  eye  and  with  the  rule  in  the  other; 

Marked  asthenojna;  Relief  with  glasses.  , , , , i . 

Mr  C C a"ed  47,  in  moderately  good  health,  has  been  unable  to 

get  suitable  glasses.  The  patient  received  a blow  on  his  right  eye  with 
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a rubber  ball  when  he  was  a child,  and  has  never  seen  very  well  with 
that  eye  since. 

Ophthalmometer.  Astigmatism  against  the  rule,  .50  D.,  axis  155°  -|- 
or  65°  — right  eye ; astigmatism  with  the  rule,  .75  D,,  axis  105°  + or 
15°  — left  eye. 

Test  cards  and  tnal  lenses. 

20  20 

R.  V.  = — : — W.  + 1 D.  + 1 D.  cyl.,  155°. 

70  50 

20  20 

L.  V.  = — : — W.  + .50  D.  + .25  D.  cyl.,  105°. 

20  15 

Reads  Jaeger  No.  1 at  8 inches  with  -f-  1.50  D.s  added  to  correct  the 
presbyopia. 


Ophthalmoscope.  H.  2 D.  at  65°  and  1 D.  at  155°  right  eye;  H 1 D. 
left  eye,  the  astigmatism  being  too  small  to  estimate  with  the  oph- 
thalmoscope. 

The  patient  accepted  the  same  glasses  on  a second  test  that  he  ac- 
cepted at  first,  and  both  reading  and  distance  glasses  were  ordered. 
These  glasses  have  been  entirely  comfortable,  though  he  has  used 
his  eyes  continuously  in  the  capacity  of  a teacher.  He  was  wearing 
when  he  came  under  care  a cylindrical  glass  at  the  wrong  axis  in 
the  right  eye,  and  in  the  left  eye  a cylindrical  glass  four  times  too 
strong,  which  were  very  good  reasons  for  not  having  comfortable 
eyes  and  good  vision. 
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Ophthalmometer  shoivs  corneal  astigmatism  with  the  rule,  .25  D.; 

Patient  accepts  this  amount  exactly,  indicating  no  lenticular  astig- 
matism whatever. 

J.  E.  H.,  aged  21,  in  good  health,  has  worn  glasses  for  the  last 
four  years,  but  suffers  continually  with  pains  in  the  eyes,  headaches, 
and  nervousness.  He  is  a bookkeeper,  and  the  strain  on  his  eyes  is 
great. 

Ophthalmometer.  Astigmatism  with  the  rule,  .25  D.,  axis  105°  + 
or  15°  — right  eye;  .25  D.,  axis  75°  -j-  or  165°  — left  eye. 


Test  cards  and  trial  lenses. 

20  20 

R.  V.  = — : _ W.  + 50  D.  + .25  D.  cyl.,  105°. 

20  15 

20  20 

L.  V.  = — : — W.  + 50  D.  + .25  D.  cyl.,  75°. 

20  15 

Reads  Jaeger  No.  1 at  5 inches. 

Ophthalmoscope.  H.  1 D.  in  each  eye. 

On  the  second  test,  the  same  glasses  were  accepted,  and  were  or- 
dered. With  these  glasses  he  could  follow  his  calling  as  a bookkeeper, 
with  comfort. 


11058 


REFRACTION  AND  ACCOMMODATION 


Astigmutisni  with  the  rule,  .25  D.;  Patient  accepts  .50  D.  cylindrical 
glass  against  the  rule,  in  comhination  with  2 D.s;  Latent  hyperme- 
tropia  of  2 D.  left  uncorrected;  Marked  asthenopia;  Relkf  with 
glasses. 

W.  E.,  aged  20,  in  good  health,  family  history  good,  has  been  trou- 
bled with  his  eyes  since  a child.  Has  headaches,  and  pains  in  tlie 
eyes  after  close  work  of  any  kind. 

Ophthalmometer.  Astigmatism  with  the  rule.  .25  D.,  axis  lOo  -|- 
or  15°  — right  eye;  25  D.,  axis  75°  -|-  or  165°  — left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R V = — : — W.  + 1.50  D.  + -50  D.  eyl.,  15°. 

30  15 

20  20 

L V = — : — W.  + 1.50  1).  .25  D.  cyl.,  165°. 

30  15 

Reads  Jaeger  No.  1 at  7 inches. 

Ophthalmoscope.  H.  4.50  D.  at  105°  and  4 D.  at  15  riglit  eye;  II. 
4.50  D.  at  75°  and  4 D.  at  165°  left  eye. 

On  account  of  the  large  amount  of  latent  hypernletropia  present 
in  this  case,  three  tests  were  given,  each  time  correcting  the  astig- 
matism in  each  eye,  separately ; then  we  placed  equal  spherical  glasses 
in  front  of  each  eye  at  the  same  time,  beginning  with  + .25  D.,  and 
gradually  increased  their  strength  up  to  2 D.,  which  were  as  strong 
as  the  patient  would  accept.  This  spherical  glas.s,  in  conjunction 

20 

with  the  cylindrical  ones  gave  him  — vision,  and  they  were  ordered. 

15 

Although  2 D.  of  latent  hypermetropia  remained  uncorrected, 
these  glasses  were  worn  for  two  and  one-half  years  with  entire  ^ 
lief  from  his  asthenopic  symptoms.  In  passing,  it  might  be  remarked 
that  there  was  no  in.suffieiency  of  any  of  the  ocular  muscles,  and  no 
tendency  to  squint. 


CHAPTER  XI. 

SPASM  OF  ACCOMMODATION. 

Spasm  of  the  accommodation  may  be  present  in  any  form  of  error 
of  refraction,  but  it  is  met  with  more  frequently  in  hypermetropia, 
hypermetropic  astigmatism,  and  mixed  astigmatism  than  in  myopic 
eases.  Fortunately,  spa.sm  of  the  accommodation  is  a comparatively 
rare  condition,  and  the  instances  in  which  (except  strabismic  cases) 
it  is  necessary  to  use  a cycloplegie  to  suspend  the  accommodation  are 
relatively  few. 
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In  support  of  this  statement  the  reader  is  referred  to  papers  by 
Roosa  (;Trans.  Med.  Soc.,  State  of  New  York,  Feb.,  1891),  George  J. 
Bull  {Ophthalmic  Review,  Sept.,  1895),  of  Paris,  and  the  writer  {New 
York  Medical  Journal,  Sept.  10  and  October  8,  1892,  and  June  20, 
1896)  and  of  American  and  European  ophthalmologists  in  general 
during  the  last  few  years. 

[However,  the  majority  of  American  text  books  agree  with  the  views 
expressed  by  Ball  {Modern  Ophthalmology,  p.  731,  1916)  that  “this 
constant  contraction  of  the  ciliary  muscle  frequently  produces  a 
spasm  of  the  accommodation,  especially  in  neurasthenic  individuals 
with  hyperopia,  giving  rise  to  annoying  blurring  of  distance  vision. 
Both  the  near  and  the  far  point  are  brought  nearer  the  eye,  and  vision 
is  improved  by  concave  lenses,  which,  of  course,  should  never  be 
ordered,  as  they  would  only  increase  the  trouble.  The  condition 
simulates  myopia,  and  might  be  mistaken  for  such  by  a careless  ob- 
server, unless  the  eye  is  brought  thoroughly  under  the  influence  of  a 
cycloplegic.” — Ed.] 

It  is  not  necessary  to  use  a cyeloplegic  in  every  case  of  spasm  of 
accommodation ; for,  in  many  instances,  if  the  cause  is  found  and  re- 
moved, the  spasm  disappears.  Two  questions  of  importance  are  to  be 
considered  in  discussing  spasm  of  accommodation;  first,  how  to  rec- 
ognize it ; second,  how  to  treat  it,  especiallj^  in  regard  to  fitting  glasses. 

noi.v  to  recognize  spasm  of  accommodation.  The  most  important  of 
the  subjective  symptoms  are:  (1)  Sudden  variability  in  vision  in 
reading  the  test  cards  for  distant  vision.  For  example,  testing  one 
eye  at  a time,  the  patient  reads  all  of  the  letters  on  the  Snellen  card 

20 

down  to  and  including  the  — line  perhaps,  when  suddenly  the  let- 

30 

20 

ters  fade  out,  and  the  patient  is  not  able  to  read  more  than  — or  even 

100 

less.  Allow  the  patient  to  rest  a moment  with  the  eyes  closed,  then  re- 
peat the  test,  and  the  same  thing  will  likely  happen  again.  This  con- 
dition may  be  present  in  only  one  eye,  but  usually  it  occurs  in  both,  if 
present  at  all.  This  sudden  failure  of  the  vision  is  evidently  due 
to  sudden  contraction  or  spasm  of  the  ciliary  muscle,  which  allows 
the  crystalline  lens  to  expand,  and  the  eye  to  become  temporarily 
myopic  (false  or  .spasmodic  myopia).  This  condition,  of  course,  makes 
the  distant  vision  bad. 

(2)  Changeableness  of  the  lines  on  the  clock-dial.  For  instance, 
say  we  have  a case  of  simple  hypermetropic  astigmatism  with  the 
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rule,  and  a tendency  to  spasm  of  accommodation.  This  patient  when 
he  first  looks  at  the  clock-dial  may  see  the  horizontal  lines  plainest 
(as  he  should  if  no  spasm  of  accommodation  is  present),  but  in  a 
moment  the  vertical  lines  appear  plainest  and  the  horizontal  lines 
become  dim.  Evidently  in,  such  case  the  spasm  of  the  ciliary  muscle 
has  converted  the  simple  hypermetropic  astigmatism  into  a myopic 
astigmatism  with  the  rule,  for  in  myopic  astigmatism  with  the  rule 
the  vertical  lines  are  seen  plainest.  (3)  A sense  of  contraction  or 
drawing  in  the  eyeball  is  felt.  (4)  Variability  in  the  glass  accepted 
by  the  patient  during  the  test,  e.  g.,  a patient  accepts  a plus  glass 
one  minute  and  in  the  next  refuses  it,  or,  perhaps,  accepts  a minus 
glass,  quickly  changing  from  one  to  the  other;  or  he  may  accept  a 
strong  plus  glass  one  minute  and  only  a weak  one  the  next. 

The  objective  symptoms  are:  (1)  Where  the  ophthalmoscopic  ex- 
amination shows  the  refractive  condition  of  the  eye  to  be  widely  dif- 
ferent from  the  glasses  accepted  on  subjective  examinations.  For 
instance,  the  patientj  has  accepted  -}-  1 D.  spherical  glasses  when  the 
ophthalmoscope  shows  him  to  be  hypermetropic  by  5 D.  Or,  say  the 
patient  has  accepted  — ID.  spherical  glasses  when  the  ophthalmo- 
scope shows  him  to  be  actually  hypermetropic.  Not  infrequently  the 
patient  will  relax  his  spasm  of  accommodation  under  an  ophthalmo- 
scopic examination  when  he  will  not  under  a subjective  examination. 
This  is  due  chiefiy  to  the  fact  that  under  an  ophthalmoscopic  exam- 
ination the  patient  is  in  a dark  room,  with  pupils  dilated,  and  look- 
ing in  the  distance  at  nothing  in  particular,  having  nothing,  there- 
fore, to  stimulate  his  accommodation;  while,  under  a subjective  ex- 
amination, the  patient  is  looking  intently  at  letters,  trying  to  make 
them  out,  and  this  of  itself  many  times  stimulates  the  ciliary  muscle 
to  action.  (2)  The  retinoscope  [in  the  eye  without  atropine]  shows 
variations  in  the  refractive  condition  of  the  eye,  perhaps  indicating 
hypermetropia  one  instant  and  myopia  the  next,  and  where  the 
glasses  accepted  by  the  retinoscopic  test  do  not  give  uniform  good 
vision.  (3)  In  cases  of  astigmatism  where  the  glasses  accepted  vary 
widely  from  the  reading  of  the  ophthalmometer,  it  is  often  an  indica- 
tion of  spasm  of  accommodation. 

The  above  are  the  chief  symptoms  of  spasm  of  accommodation,  and, 
as  a rule,  the  condition  is  easily  recognized  by  them,  many  times  by 
means  of  only  one  or  two  of  them.  Of  the  subjective  symptoms,  the 
sudden  change  in  the  acuteness  of  vision  is  the  most  constant  and 
reliable;  and  of  the  objective  symptoms,  that  discovered  by  the  oph- 
thalmoscope is  the  most  reliable. 

How  to  overcome  spasm  of  accommodation.  When  once  satisfied 
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that  there  is  a spasm  of  accommodation,  or  a tendency  to  it,  it  is  best 
to  look  for  the  cause,  and  try  to  remove  that,  before  hastily  resort- 
ing to  some  cyeloplegic.  For,  even  though  we  do  use  a cycloplegic 
and  fit  the  patient,  he  is  often  unable  to  wear  the  glasses  unless  the 
cause  of  a spasm  is  gotten  rid  of.  Unless,  indeed,  as  has  been  rec- 
ommended and  practised  by  some  ophthalmic  surgeons  in  this  coun- 
try, alropin  is  continued  for  weeks  after  the  glasses  have  been  fitted, 
which  seems  altogether  bad  practice.  The  much  better  plan  is  to 
seek  for  and  remove  the  cause.  Failing  in  that,  then  cycloplegics  are 
called  for.  In  exceptional  cases,  no  apparent  cause  can  be  discov- 
ered. 

The  chief  causes  of  spasm  of  accommodation  are:  (1)  conjunctivi- 
tis; (2)  insufficiency  of  the  internal  recti  muscles;  (3)  contusion;  (4) 
sympathetic  irritation,  though  many  times  contusion  and  sympathetic 
irritation  are  accompanied  by  paresis  of  accommodation;  (5)  gener- 
alized spasmodic  affections;  (6)  overwork  of  the  eyes;  (7)  hyper- 
esthesia of  the  retina;  (8)  beginning  the  test  for  glasses  with  minus 
lenses;  (9)  idiopathic. 

Many  times,  where  the  test  for  glasses  at  first  has  been  unsatis- 
factory, and  a tendency  to  spasm,  or  actual  spasm,  of  accommoda- 
tion is  present,  it  may  be  best  to  first  treat  the  lids  for  a week  or 
ten  days  with  a mild  astringent  wash.  A conjunctivitis  of  a mild 
type  wiU  often'  cause  enough  irritation  of  the  ciliary  muscle  to 
render  a test  for  glasses  unsatisfactory.  Again,  where  the  patient 
has  been  using  the  eyes  excessively  for  a day  or  two  before  coming 
for  a test,  it  is  often  necessary  to  make  him  rest  the  eyes,  or  use 
them  easily  for  a day  or  two,  before  giving  the  final  test.  In  hyper- 
esthesia of  the  retina,  shaded  glasses  worn  for  a few  days  before 
the  test  is  made  is  desirable.  If  insufficiency  of  the  internal  recti 
muscles  is  present,  a week  or  two  of  treatment  with  strychnia  sul- 
phate, in  increasing  doses,  with  outdoor  exercise  and  rest,  will  usu- 
ally suffice  to  relieve  it,  and  leave  the  eyes  in  condition  for  testing. 
[See  Examination  of  the  eye,  p,  4680,  Vol.  VI,  as  well  as  Muscles, 
Ocular,  of  this  Encyclopedia.] 

So  with  the  other  causes  of  spasm  of  accommodation  when  present, 
we  try  to  remove  them.  If  no  apparent  cause  is  to  be  found,  and  if 
the  second  test  for  the  glasses  is  not  satisfactory,  and  does  not  sub- 
stantially agree  with  the  first,  we  do  not  hesitate  to  use  an  effective 
cycloplegic,  preferably  scopolamin  or  atropin.  See  p.  43,  Vol.  I,  and 
p.  3641,  Vol.  V of  this  Encyclopedia. 
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CASES  ILLUSTRATING  THE  DIAGNOSIS  AND  TREATMENT  OF  ACCOMMODATIVE 

SPASM 

Compound  hypermetropic  astigmatism  with  the  rule;  Spasm  of  ac- 
comm.odation;  Amblyopia;  Atropin  used,  and  hut  little  difference 
found'  between  the  glasses  fitted  ivithout  atropin  and  those  fitted 
under  it. 

G.  L.,  aged  15,  in  poor  general  health.  Her  eyes  have  troubled  her, 
since  six  years  of  age,  when  she  entered  school.  She  was  never 
able  to  see  the  blackboard  well,  was  nervous,  and  found  it  hard  to 
sit  still  for  any  length  of  time.  At  present  she  has  headaches,  and 
pains  in  the  eyes  on  using  them  for  close  work. 

Ophthalmo'meter.  Astigmatism  with  the  rule,  1.50  D.,  axis  90°  -j- 
or  180°  — in  each  eye. 

Test  cards  and  trial  lenses.  The  lines  on  the  clock-dial  were  en-, 
tirely  unsatisfactory  as  a test. 

10  20 

R.  V.  = — : — W.  — 2 D.  — 1 D.  cyl.,  180°. 

200  100 

10  20 

L.  V.  = — : — W.  — 2 D.  — 1 D.  cyl.,  180°. 

200  100 

During  the  test  there  were  signs  of  spasm  of  accommodation,  for 
first  one  set  of  lines  on  the  clock-dial  would  appear  plainest,  then  an- 
other set ; and  the  vision  at  one  moment  would  be  fairly  good  and  the 
next  moment  veiy  poor.  AVe  therefore  began  to  test  both  eyes  at 
once,  even  for  the  astigmatism,  and  as  the  ophthalmometer  showed 
it  to  be  exactly  the  same  in  each  eye,  it  was  easy  to  do  so.  Placing 
-|-  .25  D.  cyl.,  90°,  before  each  eye,  the  vision  was  somewhat  improved, 
and  we  gradually  increased  the  strength  up  to  -|-  1 D.  cyl.,  the  vision 
improving  pnn  passu.  AVith  a stronger  plus  cylinder  the  vision  was 
not  so  good  as  with  the  + 10.  cyl.,  so  we  stopped  at  that  point. 
AVith  the  cylindrical  glasses  in  position,  weak  plus  spherical  glasses 
were  tried  before  both  eyes  at  once,  with  improvement  in  vision ; and 
they  were  gradually  increased  up  to  -}-  1 D.  sphere.  Testing  in  this 
way  both  eyes  at  the  same  time,  the  patient  accepted  + 1 D.  -f-  1 D. 

20 

cyl.,  90°,  and  the  vision  was  brought  up  to  — in  each  eye. 

70 

Ophthalmoscope.  H.  2 D.  at  90°  and  3.50  D.  at  180°  in  each  eye. 
One  per  cent,  atropin  sulphate  solution  was  ordered;  one  drop  in 
each  eye  three  times  a day  for  four  days,  and  then  a second  test  was 
made. 

The  ophthalmometer  read  exactly  the  same  as  at  the  first  test. 
Test  cards  and  trial  lenses. 

20  20 

R.  A’'.  = — : — AA^  + 2 D.  + 1.25  D.  cyl.,  90°. 

200  50 
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20  20 

L.  V.  = — : — W.  + 1.50  D.  + 1.25  D.  cyl.,  90®. 
200  50 


Ophthalmoscope.  H.  2 D.  at  90  and  3.50  D.  at  180  right  eye;  H. 
1 D.  at  90  and  2.50  D.  at  180  left  eye.  Retinoseopy  confirmed  the 
other  tests. 

One  week  after  the  test  under  atropin,  the  patient  was  subjected 
to  a third  test.  She  accepted  1.25  D.  -|-  1.25  D.  cyl.,  at  90°  right 
eye,  and  + 1 D.  + 1.25  D.  cyl.  at  90°  left  eye,  and  these  glassies 
were  ordered.  It  will  be  noticed  that  they  differ  but  slightly  from 
the  ones  that  the  patient  accepted  before  atropin  was  used,  that  is, 
when  both  eyes  were  tested  at  once.  In  fact  they  differ  so  little  that 
we  believe  she  would  have  been  almost,  if  not  quite,  as  comfortable 


Fig.  75. 


with  the  former  as  she  now  is  with  the  latter,  which  give  her  entire 
relief  from  her  asthenopia.  Her  poor  vision,  however,  which  later 
we  found  to  be  due  to  amblyopia,  and  the  fact  of  her  accepting  minus 
glasses  at  first  when  the  eyes  were  tested  separately  was  the  reason, 
for  using  a cycloplegic.  Under  tonics  and  outdoor  exercise  her  gen- 
eral health  improved. 

Cohnpound  hypermetropic  astigmatism  against  the  rule;  Spasm^  of 
accommodation;  Mild  conjunctivitis;  Hyperesthesia  of  the  retina; 
Scopolamin  used. 

C.  A.  F.,  aged  22,  in  good  general  health,  came  for  a catarrhal  con- 
junctivitis. Two  years  before  she  had  a very  severe  inflammation  in 
the  eyes  following  measles,  and  was  confined  to  a darkened  room  for 
five  months  because  of  photophobia.  She  had  glasses  fitted  shortly 
afterward,  but  her  eyes  have  continued  to  pain  her. 
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OpJithlmometer.  No  corneal  astigmatism. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = : — W.  + .25  D.  cyl.,  180°. 

20  20 

20  20 

L.  V.  : — W.  + .25  D.  cyl.,  180°. 

70  20 

* 

Reads  Jaeger  No.  1 at  4 inches. 

Ophthalmoscope.  H.  1 D.  in  each  eye;  no  astigmatism  could  be 
detected  with  the  ophthalmoscope. 

Although  both  eyes  were  tested  at  the  same  time,  the  patient  would 
not  accept  any  stronger  glasses.  Neither  was  retinoscopy  of  benefit 

20 

in  “fitting”  this  case.  During  the  test  the  patient  read  — at  one 

20 

moment,  then  her  vision  would  blur  and  she  could  not  read  more  than 
20 

— . She  also  complained  of  “drawing”  sensations  in  the  eyes. 

40 

Scopolamin,  one-fifth  of  one  per  cent,  solution,  w^  instilled,  one 
drop  in  each  eye  every  five  minutes  for  six  successive  times;  after 
a wait  of  half  an  hour  a second  test  was  made. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  : — W.  + 1 D.  + .25  D.  cyl.,  15°. 

50  20 

20  20 

L.  V.  = — : — W.  + 1 D.  -f  .25  D.  cyl.,  165°. 

70  20 

Ophthalmoscope.  Showed  the  same  amount  of  H.  as  at  the  first 
test. 

Three  days  later,  when  the  patient  was  no  longer  under  the  influ- 
ence of  the  cycloplegic,  a third  test  was  made,  with  the  following 
result : 

20  20 

R.  V.  = : — W.  -f  1 D.  + -25  D.  cyl.,  15°. 

20  20 

20  20 

L.  V.  . _ w.  + 1 D.  -f  .25  D.  cyl.,  165°. 

30  20 

These  last  glasses  were  prescribed,  and  the  patient  had  almost  im- 
mediate relief  from  her  asthenopia,  although  it  required  weeks  to 
relieve  the  photophobia;  in  fact,  a bright  light  (as  the  glare  of  the 
sun  on  the  water)  still  troubles  her  considerably. 
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Hypermetropia  of  large  amount;^  Spasm  of  accohnmodation ; Asthe- 
nopia ; Atrapin  used ; Relief,  until  3 D.  of  latent  hypermetropia  left 

uncorrected. 

B,  K.,  aged  14,  in  good  health,  complains  of  her  eyes  hurting  her 
when  she  tries  to  do  close  work,  and  of  a “drawing  sensation”  in 
the  eyes  at  times.  She  has  always  had  “weak  eyes”  and  often  suf- 
fers from  headaches. 

Ophthalmometer.  Astigmatism  with  the  rule,  .25  D.,  axis  105°  + 
or  15°  — right  eye;  .25  D.,  axis  75°  or  165°  — left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  : _ -w.  -f  .50  D.  -f  .25  D.  cyl.,  105°. 

20  15 

20  20 

Ij-  V.  : — W.  -f-  1 D.  + .25  D.  cyl.,  75°. 

40  20 

Reads  Jaeger  No.  1 from  4 to  16  inches. 

Ophthalmoscope.  H.  3 D.  in  each  eye. 

As  the  patient  had  signs  of  spasm  of  accommodation,  first  being 
able  to  read  well  then  the  vision  blurring,  a sense  of  contraction  in 
the  eyes,  accepting  a weak  cylindrical  glass  and  then  refusing  it,  it 
was  decided  to  use  a cycloplegic,  especially  as  the  ophthalmoscope 
showed  at  least  three  diopters  of  hypermetropia.  Atropin,  one  per 
cent,  solution,  was  ordered  one  drop  into  each  eye  three  times  a day 
for  three  days. 

Second  test  under  atropin. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = — : W.  + 5 D. 

200  15 

20  20 

L.  V.  = — : W.  -f  5.50  D. 

200  15 

Ophthalmoscope.  5 D.  right  eye;  H.  6 D.  left  eye.  At  the  third 
testing,  one  week  later,  the  patient  accepted  -f  2 D.,  right  eye,  and 
-f  2.50  D.,  left  eye.  These  glasses  were  ordered,  and  though  they  left 
about  three  diopters  of  hypermetropia  in  each  eye  uncorrected,  yet  they 
were  worn  with  comfort  and  relief  from  asthenopie  symptoms  for  a 
period  of  two  years.  This  patient  would  not  relax  the  accommodation 
when  both  eyes  were  tested  at  once,  and  even  after  being  under  atro- 
pin and  coming  out  she  yet  had  3 D.  of  latent  hypermetropia.  Never- 

X,.  , . . 20 

theless,  since  with  + 2 D.  right  and  + 2.50  D.  left  the  vision  was 

^ . 15 

and  without  signs  of  spasm  of  accommodation,  the  latent  hypermetro- 
pia was  left  to  take  care  of  itself. 

We  make  this  distinction  between  the  symptoms  due  to  spasm  of  ac- 
commodation and  latent  hypermetropia.  In  spasm  of  accommodation 

Vol.  xn'— 4 2 
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the  vision  is  variable,  within  short  periods  of  time,  and  often  with 
sensations  of  “drawing”  in  the  eyes,  and  the  ophthalmoscopic  and 
retinoscopic  examinations  show  the  refraction  to  vary.  In  latent  hy- 
permetropia  the  ciliary  muscle  is  able  to  and  does  correct  steadily 
and  without  irregular  action  that  portion  of  the  total  hypermetropia 
which  is  latent.  As  long  as  the  ciliary  muscle  can  do  this  with  com- 
fort and  without  strain,  the  latent  hypermetropia  remains  practically 
the  same,  at  least  does  not  vary  suddenly,  and  the  subjective  exam- 
inations do  not  discover  it,  unless,  when  for  some  special  reason,  we 
use  a cycloplegic.  As  the  patient  grows  older,  however,  or  becomes 
ill  or  overworked,  the  ciliary  muscle  may  not  be  able  to  keep  up  its 
steady  and  comfortabde  action,  and  begins  to  manifest  signs  of  fa- 
tigue and  to  act  irregularly,  to  exhibit  variable  vision,  a sense  of 
drawing  the  eyes,  headache,  etc.  It  is  at  this  time  that  aid  to  the 
ciliary  muscle  is  called  for  and  should  be  given,  but  as  long  as  the 
ocular  apparatus  can  do  its  work  with  comfort,  and  without  bother 
to  the  patient,  it  is  better  not  to  interfere. 

We  shall  give  here  also  a single  case  of  spasm  of  accommodation 
occurring  in  simple  hypermetropic  astigmatism;  later  some  cases 
of  spasm  of  accommodation  occurring  in  myopia,  myopic  astigma- 
tism, and  mixed  astigmatism. 

Simple  hypei'inetropic  astigmatism;  Spasim  of  accommodation; 
MarTied  asthenopia;  Minns  cylindrical  glasses  accepted  without 
atropin  and  perfect  vision  obtained;  Plus  cylindrical  glasses  ac- 
cepted under  atropin  and  perfect  vision. 

H.  T.,  aged  19,  in  good  health,  has  been  troubled  with  her  eyes 
for  the  last  four  years;  in  fact,  more  or  less  ever  since  she  entered 
school.  She  cannot  read  or  sew  for  any  length  of  time  without  pain 
in  the  eyes,  and  if  she  persists  in  her  work  has  headaches.  Some 
slight  injection  of  the  conjunctiva.  ^ ^ 

Ophthalmometer.  Astigmatism  with  the  rule,  1.25  D.,  axis  90°  + 
or  180°  — in  each  eye. 

Test  cards  and  trial  lenses.  The  vertical  lines  on  the  clock-dial 
appear  plainest. 

20  20 

R.  V.  = — : W.  — .75  D.  cyl.,  180°. 

30  15 

20  20 

L.  V.  = — : W.  — .75  D.  cyl.,  180°. 

30  15 

Reads  Jaeger  No.  1 from  6 to  15  inches. 

Ophthalmoscope.  Emmetropia  vertical  meridian  (90°)  and  H- 
.50  D.  in  horizontal  meridian  (180°)  in  each  eye. 

Although  both  eyes  were  tested  at  once,  the  patient  would  accep 
only  minus  glasses.  Retinoscopy  [in  the  eye  free  of  atropia]  gave  my- 
opic astigmatism.  A wash  was  prescribed  for  the  mild  conjunctivitis, 
the  patient  ordered  not  to  use  the  eyes  so  hard,  and  to  report  m a 
week.  A second  test  was  given,  with  exactly  the  same  result  as  on  tn 
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first  visit.  Signs  of  spasm  of  accommodation  were  present.  Atropin, 
solution  4 gr.  to  f)l,  was  ordered  instilled,  one  drop  three  times  a day 
for  three  days. 

Test  under  atropin:  Ophthalmometer  read  the  same  as  on  the  two 
previous  tests. 

Test  cards  and  trial  lenses.  Horizontal  lines  on  the  clock-dial  are 
seen  plainest  now. 


20  20 

R.  V.  ==  — : W.  + .75  D.  cyl.,  90°. 

50  15 

20  20 

L.  V.  = — : W.  + .75  D.  cyl.,  90°. 

50  15 


A week  later,  when  the  effect  of  atropin  had  passed  off,  the  patient 
again  accepted  -f-  .75  D.  cylindrical  glass,  axis  90,  in  each  eye. 


A 


B 


Fig.  76.  Showing  how  a simple  Minus  Cylindrical  Glass  can  Convert  a Simple 
Hypermetropic  Astigmatism  into  Simple  Hypermetropia. 

and  they  were  ordered.  The.se  glasses  were  worn  for  more  than  four 
years,  and  with  relief  from  the  asthenopic  symptoms. 

In  some  cases  of  simple  hypermetropic  astigmatism  a patient  will 
accept  a minus  cylindrical  glass  and  get  relief  from  all  asthenopic 
symptoms.  This  is  to  be  explained  by  the  fact  that  the  patient  con- 
verts the  simple  hypermetropic  astigmatism  into  a simple  hyperme- 
tropia (see  Fig.  76).  By  so  doing,  the  ciliary  muscle  can  act  in  its 
entire  circumference  and  correct  the  simple  hypermetropia  of  small 
amount  with  ease  and  without  fatigue;  whereas  it  could  not  correct 
an  equal  amount  of  hypermetropic  astigmatism,  because  it  would 
be  compelled  to  contract  irregularly,  and  in  that  way  cause  asthenopia 
or  painful  vision. 
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Anterior  lenticAilar  astigmatism  vnth  the  rule,  each  eye.  Has  a feeling 
fls  if  something  mere  in  f ront  of  the  eyes.  Headaches. 

E.  H.,  aged  29.  Wearing: 

R.  E.  2.50  cyl.,  105°. 


L.  E.  2.50  cyl.,  75°. 

Ophthalmometer : Astigmatism  with  the  rule,  1.50  D.,  axis  105°  -f 
or  15°  — , right  eye. 

Astigmatism  with  the  rule,  1.50  D.,  axis  75°  + or  165°  — , left  eye. 
Test  cards  and  trial  lenses. 


20  20 

R V.  = — : W.  + 1.50  D.  = + 1.50  cyl.,  105°. 

50  20 

20  20 

L.  V.  = — : W.  + 1.50  D.  = + 1.50  cyl.,  75°. 

50  20 


Reads  Jaeger  No.  1 from  7 to  8 inches. 

Ad.  10°,  ah.  6°,  sur.  R.  & L.  2°. 

Ophthalmoscope:  H.  1.50  D.  at  105°,  and  H.  2.50  D.  at  15°, 
right  eye. 

H.  1.50  D.  at  75°,  and  H.  3 D.  at  165°,  left  eye. 

Two  days  later,  ophthalmometer:  same. 

Test  cards  and  trial  lenses. 


20  20 

R.  V.  = — : W.  + 1.37  = + 1.62  cyl.,  105°. 

50  20 

20  20 

L.  V.  = — : W.  + 1.25 [-  1.75  cyl.,  75°. 

50  20 

Three  years  later,  troubled  with  headaches.  Homatropin  cyclople- 
gia. 

Ophthalmometer:  (Corneal).  Astigmatism  with  "I 
the  rule:  1.50  D.,  105°  + or  15  — . Right 

(Lenticular).  Astigmatism  against  the  rule:  |.eye 
.25  D.,  15°  + or  105  — . J 

(Corneal).  Astigmatism  with  the  rule:  1.50  D.,  1 
70°  + or  160°  — . (Left 

(Lenticular).  Astigmatism  against  the  rule:  i-eye 
.25  D.,  160°  + or  70°  — . J 


R.  V.  = — : W.  + 2 D.  = + 1.62  cyl.,  105°. 

70  20 

20  20  , 

L.  V.  = — : W.  + 175  D.  = + 1.75  cyl.,  70  . 

70  20 

The  retinoscope  and  ophthalmoscope  confirmed  the 
Measurement  of  the  anterior  surface  of  the  lenses  was  difficul  , 


REFRACTION  AND  ACCOMMODATION 


11069 


apparently  there  was  a small  amount  of  astigmatism  with  the  rule. 
The  glasses  that  the  patient  accepted  indicate  the  same.  Since  there 
was  a corneal  astigmatism  of  only  1.50  D.  with  the  rule  in  each,  a 
posterior  lenticular  astigmatism  of  .25  D.  subtracted  from  the  cor- 
neal would  leave  1.25  of  astigmatism  with  the  rule  to  be  corrected. 
The  patient,  however,  accepted  1.62  D.  cyl.,  right  eye,  and  1.75  D. 
cyl.,  left  eye,  axes  with  the  rule.  This  result  most  likely  is  due  to 
an  anterior  lenticular  astigmatism  with  the  rule  in  each  eye,  37  D. 
right,  and  .50  D.  left. 


CHAPTER  XI. 

MYOPIA.  SIMPLE  MYOPIC  ASTIGMATISM.  SPASMODIC  OR  FALSE  MYOPIA. 

RULES  FOR  PRESCRIBING  NEAR  OR  READING  GLASSES  IN  HIGH 
DEGREES  OP  MYOPIA.  PRESBYOPIA  AND  THE  TRANSPOSITION 
OP  GLASSES  FROM  DISTANCE  TO  READING  PORMIILE 
IN  MYOPES.  ILLUSTRATIVE  CASES. 

The  tests  for  glasses  in  myopia  and  myopic  astigmatism  are  be- 
gun in  the  same  routine  manner  as  in  other  cases,  that  is,  first  use 
the  ophthalmometer,  followed  by  the  subjective  test  with  test  lenses; 
then  the  ophthalmoscope  and  the  retinoscope.  Furthermore,  begin 
the  test  with  plus  glasses  just  as  we  do  in  all  cases,  because,  not 
knowing  the  nature  of  the  error  of  refraction,  it  is  safe  to  begin 
only  with  plus  glasses.  Should  the  patient  prove  to  be  hypermetro- 
pic, and  minus  glasses  are  tried  first,  they  often  incite  a spasm  of 
accommodation  and  are  accepted  when  they  should  not  be;  while,  if 
plus  glasses  are  first  tried  we  can  be  sure  they  will  not  be  accepted 
by  a myope,  and  we  can  find  this  out  by  the  trial  of  only  two  or 
three  glasses  and  without  the  risk  of  inciting  spasm  of  accommoda- 
tion. Of  course,  if  the  ophthalmoscope  is  used  before  glasses  are 
tried  it  indicates  the  kind  of  glass  to  be  tried  first.  As  a rule,  how- 
ever, we  prefer  not  to  make  an  ophtahlmoscopic  examination  until 
we  have  used  the  test  cards  and  trial  case,  because  if  light  is  thrown 
into  the  eyes  for  any  considerable  time  just  before  testing  the  vision, 
it  often  impairs  the  value  of  the  test. 

Before  giving  illustrative  cases  it  may  be  well  to  draw  a clear 
distinction  between  true  or  axial  myopia  and  false  or  spasmodic 
myopia.  True  myopia  is  present  when,  to  repeat,  the  axis  of  the 
eye  is  too  long,  allowing  the  rays  of  light  to  focus  in  front  of  the 
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retina  (see  Fig.  77).  Myopia  may  be  small  or  large  in  amount,  ac- 
cording to  the  increase  of  length  of  the  eyeball  beyond  that  of  the 
emmetropic  eye,  which  latter  is  about  23  mm.  When  the  eye  be- 
comes elongated  rapidly,  attended  with  changes  in  the  choroid  and 
sclera,  with  posterior  staphyloma,  etc.,  it  is  called  progressive  or 
malignant  myopia. 


Fig.  77.  True  or  Axial  Myopia,  Parallel  Rays  Focusing  in  Front  of  the  Retina, 
Crossing  and  Forming  Diffusion  Circles  on  the  Retina. 

False  myopia  is  nothing  more  than  a spasm  of  the  ciliary  or  fo- 
cusing muscle.  To  illustrate,  say  the  patient  is  emmetropic,  but 
for  some  reason  the  ciliary  muscle  is  overacting.  By  so  doing  the 
eye  is  rendered  myopic  by  the  lens  becoming  thicker,  causing  the 
rays  to  focus  in  front  of  the  retina.  Furthermore,  this  patient  would 
accept  minus  glasses  with  improvement  of  vision,  as  long  as  this 
form  of  spasm  of  accommodation  lasted. 


Fig.  78.  False  Myopia  in  an  Emmetropic  Eye,  Due  to  Spasm  of  Accommodation. 

Dotted  line  shows  false  focus. 

False  myopia  may  be  present  even  in  hypermetropia,  the  focus 
being  moved  from  back  of  the  retina  to  the  front  of  it  by  spasm  of 
the  accommodation.  Again,  false  myopia  may  be  present  in  the 
same  eye  with  true  myopia,  that  is,  the  spasm  of  accommodation  in- 
creases the  amount  of  the  true  myopia. 

It  is  altogether  important  to  recognize  the  difference  between  true 
and  false  myopia;  for  while  true  myopia  should  be  carefully  cor- 
rected, false  myopia  should  never  have  a glass  prescribed  for  it, 
but  its  cause  should  be  looked  for  and  remedied,  if  possible,  upon 
which  it  disappears  and  requires  no  further  treatment. 
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Of  curvature  myopia  it  is  hardly  worth  while  to  speak,  more  than 
to  say  that  such  a thing  exists.  It  is  due  to  excessive  curvature  of 
the  cornea,  and  not  to  lengthening  of  the  eyeball  (see  Fig.  79). 

It  is  a rare  error  of  refraction,  and  when  present  it  is  usually  due 
to  some  pathological  condition,  conical  cornea,  staphyloma  of  the 
cornea,  etc.,  for  which  conditions  glasses  are  of  but  little  benefit. 

Curvature  myopia  may  also  result  from  excessive  curvature  of  the 


Fig.  79.  Curvature  Myopia,  Where  the  Length  of  the  Eyeball  is  Normal,  but 

the  Cornea  is  too  much  Curved. 

lens  surfaces — lenticonus,  posterior  or  anterior.  [See,  also,  the  vari- 
ous Myopia  rubrics,  pp.  8265-8275,  in  this  Encyclopedia.] 

ILLUSTRATIVE  CASES  OP  MYOPIA. 

Simple  myopia  of  high  degree,  greater  in  the  right  eye;  Patient  uses 
one  eye  for  the  distance  and  the  other  for  near. 

Mrs.  A.  S.,  aged  50;  has  worn  glasses  since  16  years  of  age.  Im- 
perfect sight  and  pains  in  right  side  of  head  at  times. 
Ophthalmometer:  negative. 

Test  cards  and  trial  lenses. 

5 20 

R V.  = — : W.  — 11  D. 

200  30 
10  20 

L.  V.  = — : W.  — 8 D. 

200  30 

Reads  Jaeger  No.  1 from  8 to  11  inches,  — 7 D.,  right 

— 5 D.,  left. 

Has  a crossed  horizontal  diploplia  with  red  glass.  Patient  is  now 
using  — 8 D.  sphere  in  each  eye,  and  uses  the  right  eye  to  read  with 
and  the  left  eye  to  see  in  the  distance.  Has  not  single,  binoicular 
vision.  Of  late  she  has  some  trouble  in  threading  needles. 

Ophthalmoscope  shows  M.  11  D.,  right,  marked  choroidal  tigre 
and  a small  crescent  at  the  temporal  side  of  the  disc;  otherwise  the 
fundus  is  in  good  condition.  Left,  M.  8 D.,  choroidal  tigre. 
Retinoscope:  shows  M.  11  D.,  right  eye,  and  M.  8 D.  left  eye. 
Ordered,  — 6 D.,  right,  and  the  left  glass  to  remain  as  it  is  for  the 
distance.  The  patient  is  not  troubled  with  diplopia  and  the  new 
glas.ses  are  worn  with  comfort. 
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Simple  myopic  astipmatis^n  with  the  ride;  Blepharitis  marginalis' 

Slight  asthenopia.  '' 

C.  G.,  aged  29,  in  gaod  health,  always  had  poor  vision,  and  for  the 
last  four  years  his  eyelids  get  red  at  the  edges  when  he  used  his 
eyes  for  close  work  of  any  kind.  There  is  but  little  pain  in  the  eyes, 
but  the  lids  itch  and  burn.  He  has  no  headaches. 

Ophthalmometer.  Astigmatism  with  the  rule,  3 D.,  axis  90°  4-  or 
180°  — in  each  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V. : _ w.  — 2.50  D.  cyl.,  180°. 

50  15 

20  20 

D.  V.  =<  — : — W.  — 2.50  D.  cyl.,  180°. 

50  15 

Reads  Jaeger  No.  1 at  12  inches. 

Ophthalmoscope.  Myopia  3 D.  at  90°  and  emmetropia  at  180°  in 


each  eye. 


Fig.  80.  Showing  Myopia  of  3 D.  in  the  Vertical  Meridian,  and  Emmetropia  in 

the  Horizontal  Meridian. 

A wash  of  boric  acid  solution  was  ordered  twice  a day,  and  an 
ointment  of  yellow  oxide  of  mercury,  eight  grains  to  one  ounce  of 
vaseline,  to  rub  on  the  eyelids  at  night.  Two  weeks  later  the  lids 
were  very  much  improved  in  appearance,  A second  test  for  glasses 
was  made,  and  the  patient  accepted  exactly  the  same  glasses  as  at  the 
first  test.  Ordered  — 2.50  D.  cyl.,  180°,  for  each  eye,  which  have  been 
worn  with  an  entire  relief  from  the  lid  trouble. 

In  this  case  the  test  was  begun  with  plus  cylindrical  glasses,  just  as 
we  do  in  all  cases  where  the  ophthalmometer  indicates  astigmatism, 
but,  as  the  vision  was  made  worse,  minus  cylindrical  glasses  were  im- 
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mediately  tried  with  improvement  in  the  vision.  Their  strength  was 
gradually  increased  up  to  — 2.50  D.,  when  vision  was  brought  up  to 
20 

— . No  minus  spherical  glasses  were  tried  in  addition  to  the  cylin- 


drical glasses  in  this  case,  for  the  — vision,  obtained  by  the  patient 

15 

with  simple  cylindrical  glasses  was  proof  that  no  myopia  was  pres- 
ent in  addition  to  the  astigmatism. 


90° 


Fig.  81.  Showing  Myopic  Astigmatism  Against  the  Rule — Emmetropia  in  the 
vertical  meridian  and  Myopia  in  the  horizontal  meridian. 


No  corneal  astigmatism;  Patient  accepts  .50  D.  cylindrical  glasses 
against  the  rule;  Relief  from  asthenopia. 

J.  A.,  aged  23,  in  excellent  health,  has  been  troubled  with  his  eyes 
for  the  last  two  years.  After  using  the  microscope  or  ophthalmoscope 
he  has  pains  in  the  eyes,  and  if  he  persists  headaches  follow. 
Ophthalmometer.  No  corneal  astigmatism  whatever. 

Test  cards  and  trial  lenses. 


20 

20 

R.  V.  = 

: — W. - 

- .50  D.  cyl.,  90°. 

20 

15 

20 

20 

L.  V.  = 

: — W.  — 

- .50  D.  cyl.,  90°. 

20 

15 

Reads  Jaeger  No.  1 from  4 to  20  inches. 

Ophthalmoscope.  Myopia  .50  D.  at  180°  and  emmetropia  at  90°  in 
each  eye. 

A second  test  resulted  in  the  patient  accepting  exactly  the  same 
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glasses  as  at  the  first  test,  and  they  were  ordered,  with  complete  re- 
lief of  his  asthenopia. 

The  retinoscope  was  used  in  this  case  to  advantage,  as  it  indicated 
mjmpia  of  a small  amount  in  the  horizontal  meridian.  The  lines  on 
the  clock-dial  were  of  service  also,  as  they  indicated  either  hyper- 
metropic astigmatism  with  the  rule,  on  myopic  astigmatism  against 
the  rule.  Keeping  in  mind  also  the  fact  that,  most  of  the  time, 
when  there  is  no  corneal  astigmatism,  there  is  often  a small  amount 
of  lenticular  astigmatism  against  the  rule,  we  began  the  test  with  a 
plus  cylindrical  glass,  with  the  axis  at  180°.  But  this  glass  made 
vision  worse,  so  we  tried  minus  cylindrical  glasses  at  90°.  They  im- 

90°  90“ 


Fig.  82. 

proved  vision,  the  patient  accepting  — .50  D.  cyl.,  90°,  and  getting 
the  best  vision. 

Simple  myopic  astigmatism  with  the  rule  in  the  right  eye;  Lenticuy 
lor  astigmatism  against  the  rule  in  the  left  eye,  the  ophthalmometer 
showing  no  corneal  astigmatism;  Asthenopia;  Relief  with  glasses. 
M.  L.  H.,  aged  25,  in  good  health,  is  a designer  of  wall  papers, 
requiring  very  acute  vision.  The  patient  complains  that  for  the 
last  two  months  her  eyes  have  ached  and  pained,  and  also  that  her 
head  ached  if  she  persisted  in  using  her  eyes  for  an  hour  or  two 
at  her  work. 

Ophthalmometer.  Astigmatism  with  the  rule,  1 D.,  axis  90°  + 
or  180°  — right  eye;  No  corneal  astigmatism  left  eye. 

Test  cards  and  trial  lenses.  The  test  with  the  lines  on  the  clock- 
dial  were  unsatisfactory. 

20  20 

R.  V.  = — : _ W.  — 75  D.  cyl.,  180°. 

40  20 
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20  20 

L.  V.  = — : — W.  — 50  D.  cyl.,  90°. 

40  20 

Reads  Jaeger  No.  1 from  6 to  12  inches. 

Ophtliahnoscope.  Mjmpia  1 D.  at  90°  and  emmetropia  at  180° 
right  eye;  myopia  .75  D.  at  180°  and  emmetropia  at  90°  left  eye. 

The  retionscope  confirmed  the  ophthalmoscopic  examination  and 
the  subjective  test. 

A second  test  was  made,  and  as  the  patient  accepted  the  same 
glasses  as  at  first,  they  were  ordered.  Although  one  glass  is  worn  at 
90°  and  the  other  at  180°,  they  have  given  her  entire  relief  from 
her  asthenopic  symptoms. 

Corneal  astigmatism  with  the  rule,  .50  D.;  Patient  accepts  simple^ 

spherical  glasses  of  high  power  for  distance;  Weaker  for  reading. 

The  rule  for  giving  tivo  pairs  of  glasses  in  high  degrees  of  mgopia 

considered. 

I.  G.,  aged  32,  in  good  health,  has  had  poor  vision  as  long  as  he 
can  remember.  No  pain  in  the  eyes  or  headaches  are  complained  of 
— simply  poor  sight. 

Ophthalm-ometer.  Astigmatism  with  the  rule,  .50  D.,  axis  90°  + 
or  180°  — in  each  eye. 

Test  cards  and  trial  lenses. 

4 20 

R.  V.  ==  — : — W.  — 14  D. 

200  50 
12  20 

L.  V.  = — : — W.  — 11  D. 

200  30 

Reads  Jaeger  No.  1 at  8 inches,  with  — 11  D.  right  eye,  and  — 
8 D.  left  eye. 

Ophthalmoscope.  Myopia  15  D.  right  eye,  myopia  12  D.  left  eye. 
Excessive  pigmentation  of  choroid  in  each  eye,  but  no  staphyloma 
in  either.  Vitreous  clear  in  both. 

On  a second  test,  the  patient  accepted  the  same  glasses,  both  for 
the  distance,  and  the  near-point,  as  at  the  first  test,  and  they  were 
ordered. 

The  corneal  astigmatism  of  half  a diopter  in  this  case  was  neu- 
tralized by  the  lenticular  astigmatism,  the  usual  amount  of  neutrali- 
zation, which  left  a simple  myopia  to  deal  with.  The  myopia  was  so 
great,  however,  that  two  pairs  of  glasses  had  to  be  prescribed — one 
for  distance  and  the  other  for  reading;  and  not,  as  will  be  noted, 
on  accaunt  of  presbyopia,  for  the  patient  was  but  thirty-two  years 
of  age.  The  rules  for  procedure  in  these  cases  are  briefly  as  follows: 

Rules  for  ordering  glasses  in  high  myopia. 

If  the  myopia  is  of  8 D.  or  less,  as  a rule,  the  patient  will  need 
but  one  pair  of  glasses,  which  can  be  used  both  for  the  distance  and 
the  near-point.  If  the  patient  has  worn  glasses  from  early  child- 
hood, this  one  pair  is  usually  sufficient;  for,  having  worn  glasses 
steadily,  and  thereby  kept  the  eye  corrected  both  for  far  and  near 
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work,  the  ciliary  muscle  has  been  developed.  On  the  other  hand, 
patients  who  have  not  used  glasses  till  later  in  life  (fifteen  to  twenty 
years  of  age),  or  have  worn  only  a partial  correction  (say,  for  myopia 
of  12  D.  only  8 D.  for  the  distance,  and  no  correction  for  the  near- 
point) will  not  tolerate  the  distance  glass  for  constant  wear.  This 
is  because  the  ciliary  muscle  has  not  been  developed,  the  patient 
taking  off  his  glasses  and  bringing  his  work  close  to  him  at  the  focus, 
punctum  remotuon,  of  his  myopic  eye.  In  this  way  no  accommoda- 
tive effort  is  necessary,  the  ciliary  muscle  remains  passive,  has  no 
exercise  and  the  muscle  fibres  do  not  develop.  In  such  cases,  the 
reading  glasses  have  to  be  made  weaker,  just  as  in  the  higher  grades 
of  myopia. 

In  high  degrees  of  myopia,  8 D.  or  aver,  a good  mile  of  procedure 
is  to  find  the  glasses  which  give  the  best  distant  vision,  as  in  nther 
cases;  if  the  glasses  accepted  are  not  higher  than  10  or  12  D.,  and 
there  are  no  pathological  changes  in  the  fundus  of  the  eye  of  a seri- 
ous nature,  especially  if  the  patient  has  been  wearing  nearly  his  full 
correction  before,  prescribe  these  glasses  for  distant  vision. 
In  myopia  of  higher  degree  than  this,  the  patient  will  not  accept  his 
full  correction  even  for  the  distance,  except  for  very  brief  periods 
at  a time.  In  such  cases  the  full  correction  may  be  prescribed  to  be 
used  in  a lorgnon,  or  which  is  more  often  done,  the  glass  in  the 
lorgnon  is  of  sufficient  strength  when  held  in  front  of  the  glasses 
worn  constantly  to  give  full  correction.  The  amount  of  reduction 
depends  on  the  strength  of  the  glasses  the  patient  has  previously 
worn,  the  age  of  the  patient,  and  the  condition  of  the  fundus  of  the 
eyes. 

Roughly  speaking,  we  would  say  that  a myope  of  14  D.  should 
wear  about  12  D.  as  a constant  distance  glass;  a myope  of  16  D.  a 
13  D. ; a myope  of  18  D.  a 15  D. ; and  a myope  of  20  D.  a 16  D.  glass, 
and  so  on.  But  there  are  numerous  exceptions.  It  is  rare  to  en- 
counter myopia  of  over  25  D.,  though  cases  of  as  high  as  40  D.  have 
been  reported  and  that  without  conical  cornea. 

To  estimate  the  correct  reading  glasses  in  high  degrees  of  myopia, 
after  having  found  the  glasses  wanted  for  the  distance,  divide  the 
number  of  inches  at  which  the  patient  wishes  to  read,  or  sew,  or  work, 
into  40,  in  order  to  reduce  it  to  diopters,  then  subtract  the 
quotient  from  the  distance  glasses.*  The  result  is  the  nmn- 

* Forty  is  the  number  of  English  inches  it  takes  to  make  a meter,  and  if 
the  trial  lenses  are  ground  after  the  English  inch  (also  numbered  in  diopters), 
reckon  in  that  system. 

All  trial  cases  were  formerly  marked  in  the  inch  system.  For  example,  a 
glass  of  10-inch  focus  would  be  marked  1/10,  one  of  40-ineh  focus,  1/40,  etc.  But 
as  confusion  was  caused  by  the  difference  in  length  of  the  English  and  French 
inches,  the  dioptric  or  metric  system  of  numbering  was  introduced. 

In  the  dioptric  system  of  numbering,  the  meter  is  taken  as  the  unit  of 
measure.  For  example,  a glass  that  will  focus  parallel  rays  of  light  at  a dis- 
tance of  one  meter  is  marked  one  diopter  (1  D.) ; a glass  that  focuses  the 
same  rays  at  half  a meter  would  have  to  be  twice  as  strong,  and  is  marked 
2D.  A glass  that  focuses  rays  at  two  meters’  distance  would  be  marked  .50  D., 
or  half  a diopter.  The  numbering  goes  on  in  an  inverse  ratio,  for  the  shorter 
the  focus  the  stronger  the  glass,  necessarily.  The  metric  or  dioptric  system  of 
numbering  is  much  better  than  the  inch  system,  for  a meter  is  a meter  the 
world  over,  while  inches  of  different  peoples  vary. 
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ber  of  the  glass  in  diopters  the  patient  will  usually  accept  for  his 
close  work;  but  a still  further  reduction  may  have  to  be  made  in 
their  strength  if  the  patient  has  not  worn  glasses  for  a long  time,  or 

if  the  myopia  is  of  very  high  amount.  _ _ ..  x n 

It  should  be  borne  in  mind  at  all  times  in  fitting  glasses,  that  all 
eves  are  not  alike  in  their  working  capacity,  and  will  not  conform, 
in  exactly  the  same  way,  to  any  set  standard  or  rule.  This  do^  not 
mean  that  we  should  not  have  a working  rule  at  all,  but  that  we  should 
have  enough  intelligence  to  vary  the  rule  to  suit  the  case,  and  not  try 
to  make  every  case  fit  some  cast-iron  rule. 

In  some  cases,  for  the  near  point,  we  may  have  to  subtract 
from  the  distance  glasses  than  just  indicated ; in  some  cases  less.  e 
power  of  convergence  has  something  to  do  with  this  modification  of 
the  rule;  so  may  have  the  strength  of  the  glasses  tlie  patient  h^ 
previously  worn,  as  well  as  the  age  of  the  patient;  all  these  have  to 
be  taken  into  consideration  when  prescribing  reading  gtaes  ^ 
myope.  Indeed,  Landolt  {Refraction  and  Accommodation  of  the 
Eye  p.  490)  has  laid  down,  as  a general  rule  applicable  to  all  de- 
gi^ees  of  myopia,  that  “A  myope  must  be  prohibited  from  wearing 
a concave  glass  for  any  distance  at  which  he  can 

accommodation.”  For  example,  a young  myope  of  2 D.  should  not 
have  any  glass  at  all  for  distances  under  20  inches,  because  his  punc- 
tinn  r&motum  is  at  20  inches,  and  he  can  see  clearly  without  them  up 
to  that  point.  It  is  a good  plan,  however,  in  all  myopes  under  8 U., 
who  are  compelled  to  wear  glasses  for  the  distance,  to  keep  thmr 
o-lasses  on  all  the  time,  unless  troublesome  asthenopia  results;  then  the 
distance  glasses  should  be  weakened  for  the  near-point  according  to 
the  rule  laid  down  above.  The  reason  for  wearing  the  distance 
glasses  for  near  work  in  such  cases  is,  first,  to  exercise  and  develop 
the  ciliary  muscle ; second,  to  render  the  eye  emmetropic  for  all  dis- 
tances, and  thus  keep  up  the  proper  relation  between  accommoda- 
tion and  convergence;  third,  because  it  is  less  trouble  to  keep  the 
glasses  on  all  the  time  than  to  be  taking  them  oiff  and  putting  them 
on  frequently.  Of  course,  in  very  high  degrees  of  myopia,  two  pairs 
of  glasses  have  to  be  resorted  to,  and  sometimes  three,  if  we  include 
the  lorgnon  which  patients  sometimes  use  for  only  a few  moments,  in 
cases  of  high  degree  of  myopia  it  is,  in  fact,  never  a question  of 
glasses  alone,  especially  where  progressive  or  malignant  myopia  is 
to  be  dealt  with.  In  such  cases  a hygienic  program  should  he  fol- 
lowed so  far  as  the  eyes  are  concerned,  and  the  constitution  built 
up  with  tonics  and  other  remedies.  All  close  work  with  the  eyes 
must  be  prohibited,  shaded  glasses  worn,  the  patient  made  to  exer- 
cise outdoors  and  to  take  proper  amount  of  rest;  and  so  forth.  Un- 
fortunately, these  forms  of  myopia  often  develop  in  childhood,  when 
the  patient  is  trying  to  pursue  his  studies.  It  is  unnecessary  to  say 
that  such  patients  must  be  taken  out  of  school,  because  close  appli- 
cation to  books  always  makes  the  myopia  worse. 

In  hiffh  deqrees  of  myopia,  not  mahgnmit  m character,  that  is, 
cases  with  healthy  fundi,  or,  at  most,  with  only  a slight  posterior 
staphyloma,  and  with  but  little  tendency  to  increase,  it  is  well  tor 
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the  patient  to  use  the  eyes  as  little  as  possible,  and  then  only  with 
good  light._  In  order  to  prevent  straining  the  eyes,  these  patients 
otten  acquire  the  practice  of  using  but  one  eye  at  a time  espe 
cially  for  near  work,  taking  off  the  glasses  and  bringing  the  print  up 
to  the  focus  (punchm  remotum)  of  the  eye  they  use.  In  this  wav 
they  use  no  accommodation,  and,  at  the  same  time,  the  images  appeaV 
much  larger  than  with  the  strong  concave  glasses.  The  eye  that  is 
not  used  usually  swings  out,  that  is,  diverges. 

Where  the  eyes  are  sound,  alwmys  encourage  the  use  of  glasses  as 
they  give  a stimulus  to  binocular  vision  both  for  the  distance  and ’for 
the  near-point.  A divergent  squint  is  sometimes  prevented  in  this 
way,  just  as  in  hypermetropia,  a convergent  squint  is  sometimes  pre- 
vented  and  even  cured  in  young  children  by  wearing  plus  glasses. 

The  following  case  of  moderate  degree  of  myopia  in  one  eye,  and 
only  a small  amount  in  the  other,  with  a tendency  to,  and,  at  times 
actual,  squint  outward,  is  an  illustration  in  point. 


Myopm  of  moderate  amp^unt  in  one  eye  and  small  amimnt  in  tJw 

other;  Occasional  divergent  squint;  Asthenopia;  Belief  of  the  squint 

and  asthenopia  with  correcting  glasses. 

E.  M.  L.,  aged  21,  in  good  health,  has  been  near-sighted  in  the 
right  eye  since  childhood ; her  family  noticed  at  times,  when  she  was 
looking  in  the  distance,  that  the  right  eye  turned  outward.  With 
close  attention,  however,  there  was  no  squint.  When  she  reads  at 
night  the  eyes  tire,  but  there  is  little  pain  in  them,  and  she  rarely 
has  headaches. 

^ The  ophthalmometer  showed  a small  amount  of  corneal  astigma- 
tism in  each  eye;  and,  on  the  first  test,  the  patient  accepted  com- 
pound glasses,  but,  on  the  second  test,  simple  concave  spherical  glasses 
gave  the  best  vision. 

Ophthalmometer.  Astigmatism  with  the  rule,  .75  D axis 
75°  -f  or  165°  — right  eye;  .25  D.,  90°  + or  180°  — left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R-  V.  = — : W.  — 4.50  D.  — .50  D.  eyl.,  165°. 

200  20 

20  20 

L.  V.  = — : — : _ W.  _ 25  D.  — .25  D.  cyl.,  180°. 

20  20 

Reads  Jaeger  No.  1,  3 to  12  inches  right  ej*e,  and  from  5 to  15 
inches  in  the  left  eye.  Unless  she  looks  at  the  point  attentively,  the 
right  eye  turns  outward  for  the  near-point ; also,  when  looking  in  the 
distance,  unless  she  is  attentive,  the  right  eye  swings  outward. 

Ophthalmoscope.  Myopia  5 D.  right  eye;  myopia  ID.  (?)  left 
eye ; normal  fundi. 

A mild  conjunctivitis  was  treated  and  a second  test  made.  This 
latter  seemed  advisable,  because  there  were  unmistakable  signs  of 
spasm  of  accommodation  during  the  subjective  test.  The  retino- 
scopic  test  was  unsatisfactory. 
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Second  test:  the  ophthalmometer  gave 
first  test. 


20  20 


the  same  reading  as  at  the 


R.  V.  = — : — W.  — 5 D. 

200  20 

20  20 

L.  V.  = — : h W.  — .50  D. 

20  20 


The  ophthalmoscope  and  retinoscope  both  confirmed  the  subjec- 
tive test.  The  tendency  to  spasm  of  accommodation  had  subsided. 
We  ordered  for  constant  wear  — 4.50  D.  right,  and  a plane  glass  left. 
The  patient  has  been  under  observation  for  a period  of  eight  months. 
She  has  single  binocular  vision  both  for  near  and  far  with  the  glasses 
and  is  entirely  free  from  asthenopia. 


Myopic  astigmatism  of  moderate  amount  ■ Preshyopiaj  Simple  'minus 
cylindrical  glasses  for  the  distance,  and  cross-cylindrical  glasses  for 
reading. 

J.  L.,  aged  45,  in  good  health,  has  worn  glasses  since  nineteen  years 
of  age,  which  are  all  right  for  the  street  now,  but  have  not  been  com- 
fortable for  reading  purposes  for  the  last  two  or  three  years.  Her 
distance  glasses  are  — 2D.  cyl.,  180°,  in  each  eye.  ^ 

Ophthalmometer.  Astigmatism  with  the  rule,  2.50  D.,  axis  90  -f 
180°  — in  each  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = : — W.  — 2 D.  cyl.,  180°. 

30  20 

20  20 

L.  V.  : — AV.  — 2 D.  cyl.,  180°. 

30  20 

Reads  Jaeger  No.  1 from  7 to  18  inches,  with  + 1 D.  spherical 
glass  added  to  the  distance  glasses. 

Ophthalmoscope.  M.  2 D.  in  the  vertical  meridian,  and  emme- 
tropia  in  the  horizontal  meridian  in  each  eye. 

The  patient  was  allowed  to  wear  the  minus  cylindrical  glasses  for 
distance  and  + 1 D.  — 2 D.  cyl.,  180°,  was  ordered  for  each  eye  for 
reading.  These  glasses  are  the  same  as  cross-cylinders,  that  is,  + 1 
D.  cyl.,  90°  — ID.  cyl.,  180°. 

It  is,  as  a rule,  an  easy  matter  to  estimate  the  correct  reading 
glasses  for  an  emmetrope  or  for  a hypermetrope  but  in  myopic  astig- 
matism, for  example,  the  fitting  of  glasses  for  presbyopes  is  not  so 
easy,  especially  for  the  beginner ; since  the  change  from  minus  cylin- 
drical glasses  to  plus,  with  change  of  axis,  though  apparently  sim- 
ple as  an  algebraic  equation,  is  not,  as  a rule,  quickly  grasped  by 
the  student.  For  this  reason,  diagrams  are  valuable,  showing  the 
focus  of  the  two  chief  meridians  for  the  distance,  and  then  the 
change  of  focus  brought  about  by  presbyopia.  This  places  before  the 
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eye  of  the  student  the  change  of  focus  of  each  meridian,  and  at  the 
same  time  indicates  the  nature  and  strength  of  the  glass  necessary 
for  the  near  work  of  the  patient.  It  has  the  further  advantage  of 
making  the  student  think  of  the  eye  under  observation,  and  does 
not  let  him  decide  the  matter  by  an  abstract  algebraic  equation.  This 
may  seem  of  little  importance  to  those  who  do  not  instruct;  but  to 
teachers,  this  method  of  imparting  knowledge  will  at  once  be  ap- 
parent as  the  better  method  of  teaching. 

In  simple  myopia  without  astigmatism,  the  fitting  of  glasses  in 
presbyopic  patients  is  not  difficult,  because,  by  adding  -f  1 D.  for 
each  five  years  of  age  after  forty  to  the  distance  glass,  we  easily  ob- 
tain the  (theoretically)  correct  glass  for  reading  or  working.  For 
example,  the  patient  wears  — 2D.  for  distant  vision,  and  is  forty- 
five  years  of  age.  Add  + 1 D.  to  — 2 D.,  and  we  have  left  — 1 D., 
which  would  be  the  reading  glass.  At  fifty  years  of  age  the  patient 
would  b^  2 D.  presbyopic.  Plus  2 D.  added  to  — 2 D.  equals  0, 
that  IS,  they  exactly  neutralize,  so  that  the  patient  would  need  no 
reading  glasses  at  this  age.  At  fifty-five  years  of  age  + 3 D.  added 

2 would  give  1 D.,  which  would  be  the  co'rrect  glass  for 
reading. 

In  cases  of  simple  myopia  of  Ugh  degree,  where  two  pairs  of 
glasses  are  worn,  in  giving  presbyopic  glasses,  we  add  the  dioptric 
value  of  the  prosbyopic  glass  to  that  of  his  weaker  glasses  (those  he 
uses  for  near  work),  and  leave  the  distance  glasses  as  they  were. 
Nevertheless,  even  the  distance  glasses  of  high  myopes  must  be  weak- 
ened as  the  patient  advances  in  age ; because  the  static  refraction  of 
the  eye  begins  to  get  “weaker”  at  fifty  years  of  age;  and  at  eighty 
years  has  actually  decreased  about  2.50  D.  In  one  of  the  illustrative 
cases  for  instance,  where  — 14  D.,  right,  and  — 11  D.,  left,  were 
ordered  for  the  distance;  and  — 11  D.,  right,  and  — 8 D.,  left,  for 
reading  ^when  this  patient  reaches  forty-five  years  of  age  he  should 
wear,  on  account  of  his  1 D.  of  presbyopia,  -f  1 D.  added  to  the  — 11 
D.  right,  and  -(-ID,  added  to  — 8 D.  left,  which  gives  for  reading 

10  D,,  right,  and  — 7 D.,  left.^  At  fifty  years  of  age  -f  2 D,-  added 
to  11  D.  and  8 D.  would  give  — 9 D.  and  — 6 D.,  respectively, 
as  the  reading  glasses;  and  so  on. 

On  account  of  the  decrease  of  the  static  refraction  of  the  eye,  this 
patient  s strong  distance  glasses  should  be  decreased  in  strength,  and 
much  more  than  is  indicated  by  the  tables  of  scales  given  in  the  vari- 
ous text-books.  At  the  age  of  sixty,  for  instance,  the  static  refraction 
has  decreased  .50  D.,  yet  a much  greater  reduction  in  the  strength  of 
the  distance  glasses  will,  in  practice,  have  to  be  made  than  this  amount 
where  the  myopia  is  of  high  degi-ee. 

In  'myopic  astigmatism  with  presbyopia  we  have  to  deal  with  the 
transposition  of  cylindrical  glasses,  which  is  not  so  easy  as  in  sim- 
ple myopia  with  spherical  glasses. 

Let  us  assume  the  patient  to  be  forty-five  years  of  age  and  to 
have  accepted]  for  the  distance  — 1 D.  cylindrical  glass,  axis  180°, 
in  each  eye.  He  now  requires  a reading  glass  and  should  accept 
H~  1 D.  cyl.,  90°,  in  each  eye.  A -|-  1 D.  spherical  glass  added  to 
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— ID.  cyl.,  180°,  would  be  in  effect  + 1 D.  cyl.,  90°.  As  the  former 
glass  is  simpler,  lighter,  and  cheaper,  it  was  prescribed.  A glance 
at  Fig.  83  will  show  the  change  in  focus  brought  about  by  the  1 D. 
of  presbyopia. 

The  1 D.  of  myopia  in  the  vertical  meridian  is  just  neutralized 
by  the  1 D.  of  presbyopia;  while  the  horizontal  meridian,  which  is 
emmetropic  becomes  in  effect  hypermetropic  1 D.,  by  reason  of  the 
1 D.  of  presbyopia.  In  other  words,  the  eye  for  reading  purposes  at 
that  age  is  converted  into  a simple  hypermetropic  astigmatic  eye,  and 
requires  a simple  + 1 D.  cyl.,  90°,  to  correct  it. 

At  fifty  years  of  age  the  patient  would  require  as  a reading  glass 
-j-  1 D.s  + 1 D.  cyl.,  90 ; for,  on  account  of  2 D.  of  presbyopia,  the 
focus  in  the  vertical  meridian,  for  reading  purposes,  has  receded  be- 


90° 


90° 


180°  180° 


Fig.  83.  Showing  Focuses  of  Chief  Meridians  for  Distant  Vision  and  for  Near 
Vision  at  the  age  of  forty-five  years,  in  simple  myopic  astigmatism  of  1 D. 


hind  the  retina,  as  well  as  the  focus  in  the  horizontal^  meridian  (in 
the  vertical  meridian  1 D.  and  in  the  horzontal  meridian  2 D.).  A 
-f  1 D.  sphere  corrects  the  vertical  meridian  and  half  the  presby- 
opia of  the  horizontal  meridian,  the  -f  1 D.  cyl.,  90°,  being  required 
to  complete  the  correction  in  the  horizontal  meridian. 

At  fifty-five  years  of  age,  this  patient  would  require  -1-  2 D.s  + 1 
D.  cyl.,  90°,  and  so  on,  about  -f  1 D.  spherical  glass  extra  for  each 
five  years  being  required  to  be  added  to  the  cylindrical  glass. 

Take  another  example.  Suppose  the  patient  accepts  — 2D.  cyl., 
axis  180°,  for  the  distance.  At  forty-five  years  of  age,  this  patient 
would  be  about  1 D.  presbyopic,  and  should  wear  for  reading  -f  1 D. 
— 2D.  cyl.,  180°,  in  each  eye;  or,  if  we  chose,  we  could  give  cross- 
cylinders, e.  g.,  -f  1 D.  cyl.,  90  — 1 D.  cyl.,  180°,  which  is  exactly 
the  same  in  effect  as  the  sphero-cylindrical  glass  -f  1 D.  — 2D.  cyl., 

180°. 
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To  make  this  perfectly  plain,  we  will  give  a diagram  of  the  eye, 
showing,  first,  the  foci  of  the  two  chief  meridians  for  distance  vision ; 
and,  second,  the  foci  as  affected  by  the  1 D.  of  presbyopia  at  forty- 
five  years  of  age. 

The  1 D.  of  presbyopia  neutralizes  1 D.  of  the  myopic  astigma- 
tism in  the  vertical  meridian  (leaving  1 D.  of  it  uncorrected),  and 
at  the  same  time  renders  the  horizontal  meridian  (which  is  emme- 
tropic) presbyopic,  or  in  effect  hypermetropic  1 D.  Thus  the  eye 
for  reading  purposes  exhibits  a mixed  astigmatism,  since  it  focuses 
rays  of  light  in  front  of  the  retina  in  the  vertical  meridian,  and  back 
of  the  retina  in  the  horizontal  meridian.  To  correct  this  we  can  give 
either  the  cross-cylindrical  glasses  + 1 D.  cyl.,  90°  — ID.  cyl.,  180°  • 
or  we  can  prescribe  sphero-cylindrical  glasses,  -f  1 D.  — 2 1).  cyl’ 


90°  90° 


Fig.  84.  Showing  Focuses  of  the  Chief  Meridians  in  Simple  Myopic  Astigmatism 
of  2 D.  for  distant  vision  and  for  near  vision  at  the  age  of  forty-five  years. 


180°.  In  the  first  instance,  with  the  cross-cylinders,  the  -f-  1 D. 
cyl.,  90°,  corrects  the  1 D.  of  presbyopia  in  the  horizontal  meridian, 
and  the  — 1 D.  cyl.,  180°,  corrects  the  one  remaining  diopter  of 
myopic  astigmatism  in  the  vertical  meridian.  In  the  second  in- 
stance, with  the  sphero-cylindrical  glasses,  the  + 1 D,  sphere  cor- 
rects the  1 D.  of  presbyopia  in  the  horizontal  meridian,  and  at  the 
same  time  renders  the  eye  myopic  to  that  extent  in  the  vertical  me- 
ridian; and  the  increase  of  myopic  astigmatism  by  1 D.  in  addition  ; 
to  the  1 D.  already  present  makes  it  necessary  to  give  — 2D.  cyl.,  , 
180°,  instead  of  — ID.  cyl.,  as  when  cross-cylinders  were  prescribed. 
In  other  words,  we  have  to  neutralize  the  effect  of  the  plus  spherical 
glass  in  the  vertical  meridian.  This,  of  course,  makes  a heavier 
glass  than  a cross-cylinder.  The  field  of  vision  also  is  made  some- 
what smaller  by  the  sphero-cylindrical  glasses  than  by  the  cross- 
cylindrical  ; but  both  these  objections  are  of  but  little  importance  in 
mixed  astigmatism  of  low  degree,  as  in  the  present  instance. 
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When-  the  mixed  astigmatism  is  of  large  amount,  cross-cylindrical 
glasses  are,  as  a general  rule,  to  he  given  in  preference  to  sphero- 
cylindrical. t 

At  fifty  years  of  age,  the  patient  just  referred  to  would  require  a 
simple  + 2 eyL,  axis  90°,  because  at  this  age  the  2 D.  of  myoipic 
astigmatism  in  the  vertical  meridian  is  just  neutralized  by  the  2 D. 
of  presbyopia,  while  the  emmetropic  horizontal  meridian  is  ren- 
dered 2 D.  presbyopic  (or  hypermetropic  in  effect),  and  requires  the 
-j-  2 D.  cyl.,  90°,  to  correct  same.  At  fifty-five  years  of  age,  the  pa- 
tient would  wear  + 1 D.  4-  2 D,  cyl.,  90° ; and  at  sixty  years,  4-  2 D. 
+ 2 D.  cyl.,  90°,  and  so  on. 

For  the  transposition  of  glasses  made  necessary  on  account  of 
presbyopia  in  compound  myopic  astigmatism  and  in  mixed  astig- 
matism, suitable  examples  are  given  for  illustration  in  the  following 
section. 

Simple  'myopic  astigmatism  with  the  rule;  Presbyopia;  Minus  cylin- 
drical glasses  for  the  distance,  and  plus  cylindrical  glasses  for  near 

work. 

S.  T.,  aged  46,  in  good  health,  has  worn  glasses  since  twenty  years 
of  age,  on  account  of  near-sightedness.  For  the  past  two  years  he 
has  experienecd  some  trouble  in  near  work,  especially  when  reading 
at  night. 

Ophthalmometer.  Astigmatism  with  the  rule,  1.50  D.,  axis  90°  -j- 
or  — 180°  in  each  eye. 

Test  cards  omd  trial  lenses. 

20  20 

R.  V.  = — : _ W.  — ] D.  cyl.,  180°. 

30  15 

20  20 

L.  V.  = — : _ W.  — 1 D.  cyl.,  180°. 

30  15 

Reads  Jaeger  No.  1 from  8 to  20  inches,  with  -j-  1 D.  sphere  added 
to  the  cylindrical  glasses. 

Ophthalmoscope.  M.  1 D.  in  the  vertical  meridian  (90°),  and 
emmetropia  in  the  horizontal  meridian  (180°)  in  each  eye. 

The  patient  is  now  wearing  — ID.  eyl.,  180°,  exactly  the  same 
gla.sses  he  accepted  in  this  test,  and  they  were  ordered  continued. 
For  reading  glasses  -(-ID.  cyl.,  90°,  was  ordered  for  each  eye. 

CHAPTER  XII. 

THE  CORRECTION  OF  COMPOUND  MYOPIC  ASTIGMATISM — ILLUSTRATIVE 

CASES. 

Tn  testing  for  glasses  in  compound  myopic  astigmatism,  we  begin 
as  in  simple  myopic  astigmatism ; that  is,  we  examine  the  e3"e  first 
with  the  ophthalmometer  to  ascertain  if  there  is  any  astigmatism. 
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Having  found  the  amount  and  meridian  of  the  astigmatism,  we  next 
apply  subjective  tests  with  the  trial  case  and  test  cards.  As  in  all 
errors  of  refraction,  wdiere  astigmatism  is  present,  we  begin  the 
test  with  weak  plus  cylindrical  glasses,  unless  we  know  beforehand 
the  nature  of  the  error  of  refraction;  and  plus  glasses  are  begun 
with  in  order  to  avoid  inciting  spasm  of  accommodation.  If  the  pa- 
tient proves  not  to  be  hypermetropic,  no  harm  is  done  and  but  little 
time  lost.  We  then  begin  with  weak  minus  cylindrical  glasses  at  the 
axis  indicated  by  the  ophthalmometer,  and  gradually  increase  their 
strength  so  long  as  they  improve  vision,  being  careful  to  stop  with 
the  weakest  glass  that  gives  the  best  vision.  If  the  vision  is  not 
brought  to  normal,  with  cylindrical  glasses  alone,  we  next  add  a weak 
minus  spherical  glass  to  the  cylinder,  and  if  it  improves  vision,  grad- 
ually increase  it  until  vision  ceases  to  be  improved.  The  Aveakest 
minus  glasses  that  give  the  best  vision  are  prescribed. 

In  veiy  high  degrees  of  myopia  complicated  with  astigmatism, 
cspeciallj'^  where  the  astigmatism  is  of  small  or  only  moderate  amount, 
we  have  to  correct  part  or  most  of  the  myopia  before  the  cylindrical 
glass  is  appreciated  when  placed  in  front  of  the  eye.  Starting  the 
test  in  the  routine  way  in  such  cases,  plus  glasses  would  of  course 
make  the  vision  worse,  and  would  be  refused ; and  minus  cylindri- 
cal glasses,  though  accepted,  would  not  appreciably  improve  vision. 
Notwithstanding  the  fact  that  cylindrical  glasses,  as  indicated  by 
the  ophthalmometer,  do  not  appreciably  affect  the  vision  one  way 
or  the  other,  they  should  be  left  in  the  trial  frames  and  minus  spher- 
ical glasses  added  to  them,  rapidly  increasing  their  strength.  If  the 
poor  vision  is  due  to  myopia,  and  no  very  serious  fundus  changes 
have  taken  place  (to  cause  amblyopia)  the  minus  spherical  glasses, 
which  give  the  best  vision,  are  soon  found.  When  this  point  in  the 
test  is  reached  leave  the  minus  spherical  glasses  in  the  trial  frames 
and  go  back  to  the  cylindrical  glasses,  increasing  and  diminishing 
them  in  strength  alternately,  to  see  if  vision  can  be  further  im- 
proved ; for  with  the  myopia  corrected,  any  change  in  the  cylindrical 
glasses  is  more  easily  perceived.  However,  as  above  stated,  where 
the  myopia  is  large  in  amount,  8 D.  or  more,  and  the  astigmatism 
small  in  amount,  cylindrical  glasses  increase  the  vision  very  little 
when  added  to  the  spherical  glasses,  at*  times  even  when  the  astig- 
matism is  as  much  as  1 D.  In  such  cases,  and  particularly  when 
the  astigmatism  is  with  the  rule,  and  exactly  at  180°,  it  is  often 
best  to  give  simple  spherical  glasses  alone,  tilting  them  slightly  on  the 
horizontal  axis,  the  upper  part  forward,  to  get  the  necessary  cylin- 
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drical  eft’etit.  The  patient  will  do  this  tilting  himself,  if  it  is  not 
done  for  him,  after  wearing  them  for  a few  weeks. 

The  prescription  of  a simple  spherical  glass  tilted  on  its  horizon- 
tal axis  is,  when  it  can  be  done,  advantageous  in  three  rays;  first,  it 
is  a simple  glass,  and  not  a compound  lens ; second,  it  is  a lighter 
glass;  and,  third,  it  is  cheaper  than  a compound  lens. 

We  are  to  be  guided  in  such  instances  (giving  only  spherical 
glasses  where  there  is  a large  amount  of  myopia  and  only  a small 
amount  of  astigmatism)  by  the  increase  of  vision  the  cylindrical 
glass  gives  when  added  to  the  spherical  glass.  For  example,  if  a 
patient  accept  a — 10  D.  spherical  glass  and  his  vision  is  brought 
20 

up  to  — with  it;  and  by  adding  a — .75  D.  cyl.,  axis  180°,  the 
30 

20 

vision  is  increased  to  only , or  not  one  whole  line,  do  not  give 

20 

the  compound  glasses,  but  the  simple  — 10  D.,  and  tilt  them  slightly 
forward  on  the  horizontal  axis. 

Where  the  myopia  is  under  8 D.,  and  the  astigmatism  is  moderate 
or  small  in  amount,  and  when  the  vision  is  considerably  improved 
by  the  correction  of  this  astigmatism,  it  is  best  to  give  a compound 
glass.  This  is  the  more  important  if  the  axis  of  the  astigmatism  is 
against  the  rule,  for  then  it  is  difficult  to  obtain  the  proper  cylin- 
drical effect  by  tilting  the  spherical  glasses. 

Where  there  are  fundus  changes,  vision  will  not,  as  a rule,  be 
improved  much  with  any  glass  whatever.  Moreover,  if  the  myopia 
is  of  the  progressive  type,  .glasses  are  of  secondary  importance ; for, 
in  such  cases,  constitutional  treatment  and  general  hygienic  condi- 
tions are  much  more  to  be  considered.  The  eyes  should  be  given  com- 
plete rest,  and,  if  sensitive  to  light,  tinted  glasses  should  be  worn. 
Children  with  progressive  myopia  should  be  taken  from  school,  or 
be  allow^ed  to  go  for  only  one  or  two  hours  a day;  for,  if  close  appli- 
cation to  books  is  persisted  in,  the  eyes  are  irreparably  injured  by 
hastening  the  progress  of  the  disease.  See  Myopia,  Progressive, 
p.  8274,  Vol.  XI  of  this  Encyclopedia. 

A typical  case  of  compound  m/yopic  astigmatism;  Slight  asthenopia; 

Vision  brought  up  to  normal  with  glasses. 

C.  A.  B.,  aged  27,  has  poor  vision,  and  slight  pain  in  the  eyes  after 
using  them  for  continuous  close  work.  His  eyesight  has  never  been 
good  but,  until  lately,  he  has  been  free  from  asthenopia. 
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Ophtlialmmneter.  Astigmatism  with  the  rule,  2.50  D.,  axis  90°  -f- 
or  180°  — in  each  eye. 

Test  cards  and  tnal  lenses.  The  vertical  lines  on  the  clock-dial 
are  plainest,  though  none  of  them  are  distinctly  visible. 

10  20 

R.  V.  = — : — + W.  — 3.50  D.  — 2.50  D.  cyl.,  180°. 

200  20 

10  20 

L.  V.  = — : — + W.  — 3.50  D.  — 2.50  D.  cyl.,  180°. 

200  20 

Reads  Jaeger  No.  1 from  4 to  20  inches. 

Ophthalmoscope.  M.  5 D.  in  the  vertical  meridian  (90°),  and  M. 
3 D.  in  the  horizontal  meridian  (180°),  in  each  eye.  The  fundus  iii 
each  eye  is  normal. 


90“ 


Five  days  later  a second  test  was  made.  The  ophthalmoscope  and 
ophthalmometer  showed  the  same  condition  as  at  the  first  test. 

Test  cards  and  trial  lerises. 

10  20 

R.  V.  = — : f-  w.  — 3 D.  — 2.25  D.  cyl.,  180°. 

200  20 

10  20 

D.  V.  = — : H W.  — 3 D.  — 2.25  D.  cyl.,  180°. 

200  20 

These  last  glasses  were  ordered.  They  gave  relief  from  his  asthe- 
nopia, and  are  worn  with  great  satisfaction  and  comfort.  We  may 
say  that  the  usual  routine  method  just  described  was  followed  in 
testing  this  case. 
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Compound  myopic  astigmatism ; The  myopia  considerahle  and  the 
astigmatism  small  in  amount.  Slight  asthenopia,  with  poor  vision. 
A.  C.,  aj^ed  28,  in  good  general  health,  has  defective  eyesight  and 
occasional  headaches  over  the  brows.  She  is  a member  of  a myopic 
family. 

Ophthahnometer.  Astigmatism  with  the  rule,  2 D.,  axis  80°  + or 
170°  — right  eye ; 2 D.,  axis  100  + or  10°  — left  eye. 

Test  cards  anid  trial  lenses. 

6 20 

R.  V.  = — : — W.  — 5 D.  — 1.50  D.  cyl.,  170°. 

200  30 

4 20 

L.  V.  = — : — W.  — 5 D.  — 1.50  D.  cyl.,  10°. 

200  30 

Reads  Jaeger  No.  1,  5 to  15  inches. 


80*  100* 


Ophthalmoscope.  M.  7 D.  at  80°  and  5 D.  at  170°  right  eye ; M.  7 
D.  at  100°  and  5 D.  at  10°  left  eye. 

There  is  a narrow  crescent  at  the  temporal  side  of  the  disk  in  each 
eye. 

On  second  test  the  patient  accepted  the  same  glasses  as  at  the  first. 
These  were  ordered  and  gave  satisfaction  for  more  than  three  years. 

Compound  myopic  astigmatism,  the  myopia  being  large  in  amount, 
mobile  the  astigmatism  is  small  in  amount. 

Miss  E.  E.  i).,  in  fairly  good  health  only,  came  on  account  of 
poor  vision.  There  is  no  asthenopia.  She  belongs  to  a myopic  fam- 
ily, and  her  sight  has  been  poor  from  childhood. 
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Ophthalmmneter.  Astigmatism  with  the  rule,  2.25  D.,  axis  100°  4- 
or  10°  — right  eye;  2.25  D.,  axis  75°  + or  165°  — left  eye. 

Test  cards  and  trial  lenses. 


4 20 

R-  V.  = — : _ W.  — 16  D.  — 1.25  D.  cyl.,  10°. 
200  70 

4 20 

L-  V.  = — : — W.  — 16  D.  — 1.25  D.  cyl.,  165°. 
200  70 


Reads  Jaeger  No.  1 at  7 inches,  with  — 10  D.  spherical  glass  in  each 
eye. 

Ophthalmoscope.  Myopia  of  16  D.  in  each  eye.  There  is  a large 
posterior  staphyloma  in  each  fundus,  but  comparatively  few  choroi- 
dal  changes  considering  the  high  degree  of  myopia. 

A second  test  resulted  in  acceptance  of  the  same  glasses  as  at  first- 
ordered  — 16  D.  for  the  distance  in  the  form  of  a hand-lorgnon  and 
— 10  D.  for  close  work. 

In  this  case  the  myopia  was  so  great  and  the  amblyopia  so  marked 
and  the  indicated  cylinder  improved  vision  but  little,  that  it  was  not 
added  to  the  spherical  glass,  especially  as  the  latter  was  already  very 
heavy.  As  stated,  it  often  happens,  in  these  cases  of  high  degree  of 
myopia,  that  the  patient  is  not  able  to  wear  the  full  correction,  even 
on  the  street.  In  such  instances  we  must  reduce  the  power  of  the 


glass  if  we  give  it  for  constant  wear ; or  give  full  strength 


m a 


lorgnon,  to  be  used  for  only  a few  moments  at  a time,  when  the  pa- 
tient wishes  to  see  distinctly. 

Patients  who  have  worn  strong  concave  glasses  from  childhood  can 
wear  a much  nearer  approach  to  their  full  correction,  in  these  high 
degrees  of  myopia,  than  those  who  have  worn  very  weak  glasses,  or 
none  at  all  till  later  years.  The  reasons  for  this  are : first,  in  those 
who  wore  glasses  that  corrected  most  of  their  myopia  the  ciliary 
muscle  had  to  be  used  when  looking  close  at  hand,  and  in  this  way  it 
developed ; and  strong  glasses  can  on  this  account  be  worn  without 
fatigue.  But  in  those  who  have  not  worn  for  the  distance  their  full 
correction,  or  have  worn  no  glasses  at  all,  the  ciliary  muscle  remains 
undeveloped  from  non-use ; and  when  strong  glasses  are  prescribed, 
requiring  the  use  of  the  ciliary  muscle  for  near  work,  the  eyes  easily 
tire.  In  the  second  place,  the  distorting  and  reducing  effects  of 
strong  concave  glasses  are  not  much  noticed  by  a child  in  early  life, 
and  he  grows  accustomed  to  the  effects  as  natural  ones;  while  these 
effects  later  in  life  are  very  annoying,  so  much  so  that  in  many  cases 
patients  will  not  tolerate  anything  like  their  full  correction.  These 
facts  should  be  taken  into  consideration,  and  a reduction  in  the 
strength  of  strong  concave  glasses  be  made  to  secure  comfort  for  the 
patient. 

The  writer  has  in  mind  one  patient  who  accepted  — 17  D.  and  saw 

20 

— on  the  Snellen  test  cards  and  yet  was  unable  to,  or  rather  would 
30 
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not,  wear  them  on  the  street,  because,  as  she  said,  she  could  not  rec- 
ognize  even  her  intimate  friends  in  the  street  with  them,  on  account 
of  the  distortion  and  reduced  size  of  their  features.  She  had  been 
wearing  10  D.  before,  and  — 12  D.  was  the  strongest  she  could 
wear  with  comfort,  though  she  saw  much  worse  with  this  than  with 
so  far  as  the  test  cards  were  concerned.  In  very  high 
degrees  of  myopia,  therefore,  there  is  no  strict  rule  to  follow  ex- 
cept the  supreme  law  of  the  best  interests  and  the  comfort  of  the 
patient.  Frequently  we  must  prescribe  much  less  than  the  full  cor- 
rection, even  for  street  wear,  and  give  a still  weaker  glass  for  read- 
ing. If  the  patient  desires  a full  correction  give  it  in  a lorgnon,  which 
can  generally  be  used  for  short  periods  with  comfort  and  safety. 

Patients  with  high  degrees  of  myopia,  especially  those  with  fundus 
lesions,  see  much  worse  when  the  stomach  is  upset  or  their  general 
condition  much  disturbed  in  any  way.  When  general  improvement 
occup  the  vision  also  improves.  This  point  is  noticed  here  as  a pre- 
caution not  to  be  induced  by  the  patient  to  change  his  glasses  unnec- 
essarily at  such  times. 

The  general^  health  of  all  these  patients  should  be  looked  after 
The  patient  being  fifty  years  of  age,  was  presbyopic  to  the  extent  of 
most  carefully,  outdoor  exercise  ordered,  rest  to  the  eyes  enjoined 
and  close  work  for  the  eye  for  any  considerable  time  prohibited.  In 
sehc^l  children  specially  who  show  any  tendency  to  progressive  or 
malignant  myopia,  too  much  stress  cannot  be  laid  on  the  observance 
of  general  hygienic  conditions,  such  as  much  out-of-door  exercise,  short 
hours  of  study  under  the  most  favorable  surroundings, — good  light, 
upright  position  of  the  child  at  desk,  etc. ; and  proper  correction  of 
errors  of  refraction.  If  the  patient  can  afford  a tutor,  the  eyes  can 
be  relieved  of  a great  amount  of  work  in  this  way. 

In  any  event  it  is  much  better  to  have  these  children  go  through 
school  with  little  “book  learning,”  than  to  permit  the  acquisition 
of  knowledge  at  the  expense  of  their  eyesight. 

Large  amount  of  myopia  with  a moderate  dmount  of  astigmatism 

u%th  the  rule;  Asthenopia;  Relief  with  glasses. 

K.  McQ.,  aged  31,  in  good  health,  has  poor  vision  and  some  asthe- 

nopic  symptoms.  She  is  now  wearing  — 9.50  D.,  right  eye,  and  

9 D.  left  eye. 

Ophthalmometer.  Astigmatism  with  the  rule,  3 D.,  axis  105°  4- 
or  15°  — right  eye;  1.50  D.,  axis  90°  -f  or  180°  — left  eye. 

Test  cards  cmd  trial  lenses. 

20  20 

R-  V.  = — : — W.  — 8 D.  — 2.50  D.  eyl.,  15°. 

200  70 

4 20 

L.  V.  = — : — W.  — 11  D.  — 1 D.  eyl.,  180°. 

200  70 

Reads  Jaeger  No.  ] at  9 inches. 

Ophthalmoscope.  M.  11  1).  at  105°  and  8 D.  at  15°  right  eye;  M. 
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13  D.  left  eye.  There  is  a small  posterior  staphyloma  in  the  right 
eye,  and  a large  one  in  the  left,  with  spots  of  choroidal  changes  scat- 
tered over  the  fundus  in  each. 

Second  test:  The  patient  accepted  the  same  glasses  as  at  the  first 
test,  and  these  were  ordered. 

In  this  case  the  vision  was  considerably  improved  by  the  addition 
of  the  cylindrical  to  the  spherical  glasses,  and  the  full  correction  was 
ordered  to  be  worn  constantly,  although  the  myopia  was  large  in 
amount  in  the  left  eye.  The  glasses  were  worn  with  perfect  com- 
fort. 

We  here  emphasize  a point  which  has  already  been  alluded  to  in 
this  section  in  a general  way,  and  that  is,  that  the  patient  was  able 
to  wear  these  strong  negative  glasses  for  near  work  with  comfort. 
This  is  not  always  so,  and  in  her  case  it  was  due  to  the  fact,  that 
she  had  worn  almost  full  correction  for  her  myopia  since  childhood; 
and,  having  her  myopia  corrected  for  the  distance,  was  compelled 
to  use  her  accommodation  for  near  points.  In  this  way  the  ciliary 
muscle  was  developed,  and  when  she  came  to  use  a full  correction  in 
after  years,  was  able  to  wear  the  glasses  with  comfort. 

Campoimd  'myopic  astigmatism  in  one  eye;  Simple  myopia  of  small 

amount  in  the  other;  Scopolamin  nsed  as  a cycloplegic. 

Miss  M.  R.,  aged  31,  in  good  general  health,  came  on  account  of 
burning  and  itching  in  the  eyes,  and  for  a strained  feeling  in  them 
after  close  work.  She  is  a stenographer,  and  her  eyes  have  troubled 
her  more  or  less  for  the  past  year.  No  headaches,  but  there  is  a mild 
conjunctivitis  present. 

Ophthalmometer.  Astigmatism  with  the  rule,  .75  D.,  axis  90°  + 
or  180°  — right  eye;  .50  D.,  axis  90°  + or  180°  — left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = — : W.  — 1 D.  — .25  D.  eyl.,  180°. 

40  15 

20  20 

L.  V.  ==  — -f  : _ -f-  W.  — .50  D. 

30  15 

Reads  Jaeger  No.  1,  6 to  15  inches. 

Ophthalmoscftpe.  M.  1 D.,  right  eye;  M.  .50  D.  left  eye. 

There  were  some  redness  and  injection  of  the  conjunctiva  with 
miliary  granulations  on  the  palpebral  conjunctiva.  On  this  account 
and  from  the  fact  that  weak  minus  glasses  were  accepted,  it  was 
thought  that  the  myopia,  as  observed  by  the  ophthalmoscope  and.  as 
manifested  by  the  glasses,  was  due  to  a spasm  of  accommodation, 
even  though  the  patient  accepted  the  same  glass  time  and  again  dur- 
ing the  examination. 

A solution  of  scopolamin  (one  grain  to  a fid.  oz.)  one  drop  in  each 
eye,  was  instilled  every  five  minutes,  for  six  consecutive  times;  then 
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a wait  of  one-half  hour  and  the  test  made,  with  the  following  re- 
sult : 

20  20 

V.  = — : W.  — .75  D.  — .50  D.  cyl.,  180°. 

100  15 

20  20 

h.Y.  = ~ : W.  — .25  D.  — .25  D.  cyl.,  180°. 

100  15 

The  ophthalmoscope  and  ophthalmometer  gave  the  same  results  as 
at  the  nrst  test. 

Third  test,  three  days  later,  when  the  patient  was  not  under  the 
innuenee  of  the  cycloplegic,  resulted  as  follows: 

20  20 

n.V.=^~  : W.  — .75  D.  — .50  D.  cyl.,  180°. 

40  15 

20  20 

L.  V.  = — : — W.  — .50  D. 

30  15 

Reads  Jaeger  No.  1,  6 to  15  inches. 

These  glasses  were  ordered,  and  have  since  been  worn  with  com- 
fort and  satisfaction. 

In  very  low  degrees  of  myopia,  it  is  impossible  at  times  to  decide 
with  the  ophthalmoscope  or  the  retinoscope  (without  the  use  of  a 
eycloplegic)  whether  myopia  is  present  or  not.  The  mere  accept- 
ance of  minus  glasses  by  a patient  is  not  positive  evidence  by  any 
means  that  myopia  exists ; as  hypermetropes,  through  spasm  of  ac- 
commodation may,  and  often  do,  when  improperly  tested,  accept 
mmus  glasses.  Myopia  of  a low  degree,  1 D.  and  less,  rarely  needs 
correction,  unless  there  is  a complicating  astigmatism. 


Compound  rmjopi.c  astigmatism  in  one  eye;  Simple  myopic  astigma- 
tism in  the  other;  Asthenopia  marked;  Presbyopia. 

u good  general  health,  came  on  account  of 

headaches  and  pains  in  the  eyes,  especially  after  close  work.  She  has 

worn  glasses  for  fifteen  or  twenty  years,  constantly  for  the  last  ten 
years. 

Ophthalmometer.  Astigmatism  with  the  rule,  4 D axis  1^5°  J-  nr 
35  - right  eye;  4 D.,  axis  55°  -f  or  145°  - left  eye.’  ' 

There  is  also  some  irregular  astigmatism  in  the  right  eye. 

Test  cards  a/nd  trial  lenses. 

20  20 

R-  V.  = — : — + AV.  — 3.50  D.  cyl.,  35°. 

200  50 

10  20 

: W.  — 4 D.  — 3.50  D.  cyl.,  145°. 

200  20  ^ • 

Reads  Jaeger  No.  1,  6 to  13  inches  with  -|-  2 D.  added  for  the  pres- 
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byopia,  which  in  effect  would  be:  + 2 D.  — 3.50  D.  cyl.,  35°  right,, 
and  — 2D.  — 33.50  D.  cyl.,  145°  left. 

Ophthalmoscope.  M.  4 D.  at  125°  and  Em.  at  35°  right  eye;  M.  8 
D.  at  55°  and  4 D.  at  145°  left  eye.' 

There  are  some  diffuse  opacities  on  the  right  cornea,  which  ac- 
counts for  the  unimproved  vision  in  that  eye. 

A second  test  was  made  and  agreed  with  the  first,  and  both  dis-  , 
tance  and  reading  glasses  were  ordered.  Both  pairs  of  glasses  have  > 
been  worn  with  comfort. 

It  is  to  the  reading  glasses  we  wish  to  call  attention  in  this  case,  j 
2 D.  In  the  right  eye  she  had  simple  myopic  astigmatism,  and ! 3 
either  a cross-cylinder  or  a sphero-cylindrical  glass  could  be  given,  ij 
If  a cross-cylindrical  glass,  it  would  take  the  following  form : -f-  2 D.  | 


' 125° 


Fig.  87. 

cyl.,  125°  — 1.50  D.  cyl.,  35°.  A glance  at  Fig.  83  shows  why  this  is  5 
so.  The  emmetropic  meridian  at  35°  becomes  presbyopic  I)y  2 D., . 
and  requires  -j-  2 D.  cyl.  at  right  angles  to  this  meridian  (at  125°) 
to  correct  it;  while  the  presbyopia  of  2 D.  neutralizes  2 D.  of  the< 
3.50  D.  of  myopia  in  the  meridian  at  125°,  thus  leaving  1.50  D.  of  : 
myopia  in  this  meridian  still  to  be  corrected,  which  requires  — 1.50" 
D,  cyl.,  35°.  Instead  of  giving  the  cross-cylinder  we  chose  the  sphero- 
cylindrical -{-2D.  — 3.50  D.  cyl.,  35°;  first,  because  it  was  cheaper,  . 
second,  because  the  astigmatism  was  not  very  large  in  amount,  and  i 
the  sphero-cylindrical  glass  in  the  right  eye  was  made  equal  in  weight 
with  the  opposite  glass  in  the  left  eye.  ! 

The  two  glasses,  the  cross-  and  the  sphero-cylinders  are  exactly 
the  same  in  effect,  except  that  the  cross-cylinders  give  a little  wider  ■ 
field  of  vision.  Thus  the  -{-2D.  spherical  glass  combined  with  the 
— 3.50  D.  cyl.,  35°,  acts  with  full  force  along  the  axis  of  the  minus  ^ 


I 
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cylinder,  that  is,  in  the  meridian  at  35°,  therefore  acting  as  a + 2 
D.  cyl.,  axis  125°;  and,  at  the  same  time,  it  neutralizes  2 D.  of  the 
3.50  D.  cyl.,  in  the  meridian  at  125°,  leaving  but  1.50  D.  of  this 
cylindrical  glass  to  act  in  this  (125°)  meridian,  thus  acting  exactly 
the  same  as  a — 1.50  D.  cyl.,  35°. 

We  are  aware  that  this  method  of  making  diagi’ams  of  the  foci  of 
the  chief  meridians  of  the  eye  for  the  distance,  then  noting  the 
change  in  focus  brought  about  in  each  meridian  for  a certain  amount 
of  presbyopia,  takes  more  time  than  the  one  of  simple  algebraic  equa- 
tions; but  it  has  the  great  advantage  of  fixing  the  examiner’s  atten- 
tion on  the  real  condition  and  foci  at  the  ditferent  meridians  of  the 
eye,  thus  making  it  a concrete  case.  With  algebraic  equations  to 
ascertain  the  correct  reading  glass,  it  becomes  a matter  of  abstract 
fact  to  a certain  extent,  and  the  observer,  if  he  be  a beginner,  does 
not  k^p  in  mind  the  real  condition  of  the  eye,  but  fits  the  glasses 
empirically.  For  example,  take  the  left  eye  in  the  case  where  the 
distance  glass  accepted  is  — 4 D.  — 3.50  D.  cyl.,  145°.  At  fifty 
years  of  age,  with  2 D.  of  presbyopia  present,  the  patient  requires 
+ 2 D.  added  to  the  distance  glasses  to  get  the  correct  reading  glass. 

Algebraically  it  is : 

— 4 D.  — 3.50  D.  cyl.,  145°. 

+ 2D. 


— 2D.  — 3.50  D.  cyl.,  145°. 

For  4 D.  of  presbyopia  it  would  be : 

— 4 1).  — 3.50  D.  cyl.,  145°. 
+ 4 D. 


— 3.50  D.  cyl.,  145°. 

Now  this  is  perfectly  correct  in  each  instance,  but  if  the  examiner  is 
not  quite  familiar  with  physiologic  optics,  unless  he  makes  a diagram  of 
the  chpge  of  focus  brought  about  by  the  presbyopia  for  the  read- 
ing  point,  he  will  be  less  likely  to  have  a clear  idea  of  the  real  condi- 
tion of  the  eye. 

Coynpound  myopic  astigmatism  against  the  rule;  Headaches;  Relief 

■with  glasses. 

A.,  aged  13  years,  complains  of  poor  vision  and  headaches  when  be 
studies  or  reads. 

Ophthalmometer:  astigmatism  against  the  rule,  right  eye  (corneal), 
75  D.  axis  180°  -f-  90°  — (lenticular)  negative;  left  eye,  astigmatism 
against  the  rule  (corneal),  .50  D.  axis  180°  -f  90°  — (lenticular)  nega- 
tive. 

Test  cards  and  trial  lenses. 

20  20 

R -V.  = : ^ W.  — .50  D.  = — 75  cyl,  90°. 

100  20 
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20  20 

L.  V.  = : 1-  W.  — .50  D.  = — 50  cyL,  90°. 

70  20 

Reads  Jaeger  No.  1 from  4 to  16  inches. 

Ad.  12° ; ab.  4°,  surs.  R.  & L.  2°. 

Ophthalmoscope  shows  M.  .50  at  90°,  and  M.  1 D.  at  180°,  each  eye. 
The  retinoscope  also  confirms  the  subjective  test.  A second  test  re- 
sulted in  the  patient  accepting  the  same  glasses,  and  they  were  or- 
dered. The  patient  returned  because  his  vision  for  the  distance  was 
greatly  reduced.  On  examination  it  was  found  that  the  myopia, 
had  increased  to  1.50  D.  in  each  eye;  and  the  astigmatism  in  the  left 
to  .75  D.  The  ophthalmoscope  and  retinoscope  confirmed  the  sub- 
jective tests.  The  glasses  were  ordered. 

Ophthalmometer  gives  the  same  reading  as  two  years  previously. 

Test  cards  and  trial  lenses. 


20  20 

R.  V.  = — : W.  — 1.50  D.  = — .75  cyl.,  90°. 

200  15 

20  20 

L.  V.  = — : W.  — 1.50  D.  = — .75  cyl.,  90°. 

200  15 


Reads  Jaeger  No.  1 from  4i/^  to  17  inches. 


Comp&und  myopic  astigmatism,  axis  120°  in  each  eye;  Belief  with 
glasses.  * 

Mrs.  I.  V.  E.,  aged  40.  ^ 

Ophthalmometer:  astigmatism  against  the  rule,  0.75  D.,  axis  30°  t 
-f  or  120°  — , right  eye ; 1 D.,  axis  30°  or  120°  — , left  eye.  3 
Test  cards  and  tnal  lenses. 

18  20  I 

R.  V.  = — : — + W.  — 2.00  D.  = — 1 cyl.,  120°.  I 
200  15  I 

18  20 

L.  V.  = — : [-  W.  — 2.00  D.  = — 1.50  cyl.,  120°. 

200  15 

Ophthalmoscope  shows  M.  2 D.  at  90°,  and  3 D.  at  180°,  each  eye. 
Betinoscope  confirms  subjective  test.  The  patient  is  now  wearing: 

— 2.50  sphere,  right  eye ; — 2.75  sphere,  left  eye. 

Ophthalmometer  records  the  same  reading  as  at  first  test. 

Test  cards  and  trial  lenses. 


18  20 

R.  V.  = — : — W.  — 2 D. 
200  15 


.75  cyl.,  120°. 


18  20 

L.  V.  = — : — W.  — 2 D.  = — 1.25  cyl.,  120°. 
200  15 


Reads  Jaeger  No.  1 from  6 to  20  inches. 
Ad.  7°,  ab.  5° ; surs.  R.  & L.  1°. 
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^^todered : - 1.75  D.  _ - .75  cyl..  I20- ; - 1.75  D.  _ _ 1.25  oyl., 

Ophthalmometer  gives  the  same  reading  as  8 years  previously 
Test  cards  and  trial  lenses.  pieviousiy. 

18  20 

R-  V.  = — : _ W.  — 2 D.  = — 1 cyl.,  120°. 

200  20 
18  20 

- 2 D.  deducted. 

borne  floatmg  opacities  in  left  eye.  Ordered  simple  cylinders  for 
reading  and  to  continue  old  glass  for  the  street. 


CHAPTER  XIII. 


ANTIMETROPIA  AND  ANISOMETROPIA.  ILLUSTRATIVE  CASES. 

Antmetropia  m a literal  sense  means  an  opposed  state  of  refrac- 
tion  m the  two  ey^ ; hypermetropic  in  one  eye,  and  myopic  in  the 

other.  The  word,  however,  is  often  used  to  indicate  an  unequal  re- 
fraction  in  the  two  eyes. 

True  antimetropia,  that  is,  an  opposite  state  of  refraction  in  the 
two  eyes,  is  perhaps  the  most  difficult  refractive  error  one  has  to  deal 
with  ; especially  when  one  eye  has  a large  error  of  refraction  with 
marked  amblyopia,  while  the  other  has  a small  error  with  fairly  good 

Single,  binocular  vision  is  secured  only  with  great  effort  (often  not 
at  all)  one  eye  alone  being  used,  or  the  eyes  are  used  alternately. 
In  the  latter  instance  the  patient  is  fortunate  at  times  in  that  he  can 
u.se  the  hypermetropic  eye  for  distant  vision  and  the  myopic  eve  for 

and  make  this  condition,  which  is  a veritable  burden  to  many  a real 
a vantage  rather  than  a disadvantage.  See  Anisometropia  There 
are  several  reasons  why  antimetropes  have  difficulty  in  using  the 
eyes  together  First,  the  images  in  the  two  eyes  are  so  different  in 
size;  It  IS  only  with  great  effort  that  they  are  fused  into  a single 
I^ge;  second,  it  is  more  difficult  to  converge  the  myopic  eye  than 
the  h^ermetropic  eye  and  fixation  is  made  with  effort;  third  if  the 
myopia  i.s  of  very  high  degree  and  fully  corrected  the  patient  will 
ave  trouble  with  that  eye  in  accommodating  for  the  near-point. 

The  best  plan  of  procedure  in  antimetropia  is  to  correct  the  refrac- 


11096 


REFRACTION  AND  ACCOMMODATION 


tive  error  of  each  eye  separately,  gust  as  in  other  cases,  and  to  pre- 
scribe the  glasses  as  accepted.  Have  the  patient  wear  the  glasses 
faithfully  for  a few  weeks;  if  they  do  not  give  relief,  correct  the 
better  eye,  and  place  a plane  glass  on  the  opposite  eye. 

Each  case  must  be  dealt  with  individually,  however,  and  there  is  no 
set  rule  to  go  by. 

A few  illustrative  cases  will  indicate  how  such  patients  are  to  be 
dealt  with. 


Antimetropia  with  blepharitis  marginalis;  Simple  hypermetropic 
astigmatism  in  one  eye  and  simple  myopic  astigmatism  in  the  other; 
Astigmatism  with  the  rule  in  each  eye. 

N.  R.,  aged  22,  in  good  general  health,  came  on  account  of  great 
pain  in  the  eyes,  accompanied  by  severe  headaches,  and  to  be  relieved 

90°  90° 


Fig.  88. ' 


of  red  lids,  which  were  irritated  and  inflamed  all  the  time. 

Ophthalmo’meter.  Astigmatism  with  the  rule,  1 D.,  axis  90°  -j- 
or  180°  — in  each  eye. 

Test  cards  and  trial  lenses.  The  vertical  lines  on  the  clock-dial 
were  plainest  with  the  right,  and  the  horizontal  lines  were  plainest 
with  the  left  eye. 

20  20 

R.  V.  = — : — W.  — .50  D.  cyl.,  180°. 

50  15 

20  20 

L.  V.  h : — W.  -f  .50  D.  cyl.,  90°. 

20  15 

Reads  Jaeger  No.  1 from  6 to  17  inches.  ; ■ 
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Ophthalm^cope.  M 75  D.  at  90»  and  Em.  at  IM''  right  eye;  Em. 
at  90  H.  .75  at  180°  left  eye. 

The  lids  were  treated,  and  when  some  better  a second  test  was  made 
patient  accepted  exactly  the  same  glasses  as  at  the 
first  test  and  were  ordered  for  constant  wear:  — 50  D cyL  180° 
right  eye,  and  + .50  D.  cyL,  90°  left  eye.  Within  a month  the  eye- 
lids  were  well,  and  the  pains  in  the  eyes  and  the  headaches  gone. 

with  larger  epors  of  refraction  of  this  nature,  however,  glasses 
do  not  usually  give  so  good  a result. 

Antimetropia;  Slight  amblyopia;  Simple  hypermetropic  astigmatism 
in  one  eye,  simple  myopic  astigmatism  in  the  other,  with  the  rule 
in  each. 

M.  F.,  aged  18,  in  good  health,  came  for  glasses  on  account  of  poor 
vision,  ocular  pains  and  headaches  when  she  persists  in  using  her 
ey  es. 


75° 


105* 


165° 


15° 


Fig.  89. 

Ophthalmometer.  Astigmatism  with  the  rule,  2 D.  axis  75°  -|- 

or  165°  — right  eye;  2 D.  with  the  rule,  axis  105°  -f  or  15°  — left 
eye. 

Test  cards  and  trial  lenses. 

20  20 

R-  V.  : — W.  -f  1.75  D.  cyl.,  75°. 

70  40 

20  20 

L.  V.  : — W.  — 1.75  D.  cyl.,  15°. 

70  40 

Reads  Jaeger  No.  1 from  6 to  12  inches,  and  has  single  binocular 
vision. 
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Ophthalmoscope.  Em.  at  75°  and  H.  2 D.  at  165°  right  eye;  M.  2 
D.  at  105°  and  Em.  at  15°  left  eye. 

A second  and  a third  test  resulted  in  the  patient  accepting  the 
same  glasses  as  at  the  "first  test.  Ordered  + 1.75  D.  cyl.,  75°  right 
eye;  — 1.75  D.  cyl.,  15°  left  eye.  These  glasses  were  worn  for  more 
than  a year,  with  relief  from  her  asthenopic  vision. 

Antimietropia;  Compound  hypermetropic  astigmatism  in  one  eye  and 
com-poxind  myopic  astigmatism  in  the  other,  against  the  rxde  in  the 
myopic  eye  amd  ivith  the  rule  in  the  hypermetropic  eye;  Marked 
asthenopia  relieved  with  glasses. 

H.  W.,  aged  12,  in  good  health,  comes  on  account  of  blurred  vision 
and  headaches,  especially  annoying  in  the  afternoon  at  school.  She 
has  worn  glasses,  but  without  relief. 

Ophthalmdmeter.  Negative,  right  eye;  astigmatism  with  the  rule  i 
.75  D.,  axis  90°  + 180°,  left  eye. 

Test  cards  and  trial  lenses. 

20 

R.  V.  = — : not  improved. 

70 

20  20 

L.  V.  = — : — W.  + 1 D. 

30  20 

Reads  Jaeger  No.  1 from  5 to  12  inches.  Signs  of  .spasm  of  accom- 
modation are  present. 

Ophthalmoscope.  M.  1 D.  right  eye ; H.  .50  D.  at  90°  and  H.  1 D. 
at  180°  left  eye. 

On  account  of  a conjunctivitis,  an  astringent  wash  was  ordered 
for  the  eyes,  and  the  patient  directed  to  come  again  in  three  days. 

Second  test:  The  ophthalmometer  read  the  same  as  at  the  first 
test.  1 

Test  cards  and  trial  lenses.  ^ 

20  20  ■ \ 
R.  V.  = — : — W.  — .50  D.  — .50  D.  cyl.,  105°. 

50  20 

20  20  1 

L.  V.  = — : — W.  .50  D.  .50  D.  cyl.,  90°.  i 

30  15 

Reads  Jaeger  No.  1,  5 to  15  inches.  | 

Ophthalmoscope.  M.  .50  D.  at  105°  and  M.  1 D.  at  15°,  right  eve; 

II.  .50  D.  at  90°  and  H.  1 D.  at  180°  left  eye. 

On  a third  test  the  patient  accepted  the  same  glasses  as  on  the  J 
second  test,  and  they  were  accordingly  ordered.  These  glasses  have  ^ 
been  worn  for  more  than  two  years  with  relief  from  all  asthenopic  ^ 
symptoms. 


Ify 
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In  this  case  the  ophthalmometer  showed  no  corneal  astigmatism  in 
the  right  eye;  and,  as  usual  in  such  cases,  the  patient  accepted  a 
cylindrical  glass  against  the  rule.  (See  Fig.  90). 

Antimetropia;  Mixed  astigmatism  nght,  and  compound  myopic  as- 
tigynaUsni  left  eye;  Head  carried  to  the  right  side;  Asthenopia; 
Relief  ivith  glasses.  ’ 

M.  McG.,  aged  23,  in  good  health,  has  headaches  and  pains  in  the 
eyes.  She  has  a tendency  to  hold  her  head  to  the  right,  especially  for 
close  work.  Her  left  eye  has  troubled  her  a great  deal  for  the  last 
eighteen  mouths,  and  sometimes  sharp  pains  shoot  through  it.  The 
left  eye  is  very  sensitive  to  bright  light  and  heat. 


Fig.  90. 


Ophthalmiometer.  Astigmatism  with  the  rule,  2.50  D.,  axis  45°  4- 

eye;  2.50  D.,  axis  60°  + or  150°  — , left  eye 
I est  cards  and  trial  lenses. 

20  20 

^ — W.  + 2 D.  cyl.,  45°  — .50  D.  cyl.,  135°. 
1 20 

L.  V.  = — : — W.  — 10  D.  — 2 D.  cyl.,  150°. 

200  100 

Jaeger  No.  1,  6 to  10  inches,  with  the  right  eye.  Single  bi- 
nocular vision  IS  not  present.  ^ 

Opmabrnscope.  H.  1 D,  at  135°  and  M.  1 D.  at  45°  right  eve- 
M.  13  D,  at  60°  and  11  D.  at  150°  left  eye,  ngnt  eye, 
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Second  test:  two  days  later  the  ophthalmometer  gave  the  same 
reading. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = — : h W.  + 1 D.  cyl.,  45°  — ID.  cyl.,  135° 

200  40 

2 20 

L.  V.  = — : — W.  — 10  D.  — 2 D.  cyl.,  150°. 

200  100 

A third  test  coincided  with  the  second,  and  the  glasses  were  or- 
dered. The  patient  has  been  greatly  benefited,  the  pain  in  the  eyes 


45°  60®  V. 


and  head  disappeared  after  about  two  weeks’  time;  and  after  the  first  • 
month  she  has  been  able  to  hold  her  head  straight.  She  wore  these  “ 
glasses  continuously  for  a year,  when  she  returned,  complaining  of 
pain  in  the  right  eye.  On  examination  it  was  found  that  the  astig-  i 
matism^had  increased  one-quarter  of  a diopter,  and  had  changed  a^s 
to  the  extent  of  10°,  that  is,  from  45°  to  35°,  and  from  135°  to  125°, 
respectively.  The  patient  accepted  the  + 1 cyl.,  35°  — -25  D. 
cyl.,  125°,  right  eye.  The  left  eye  had  the  same  refraction  so  the  ; 
former  glass  was  left. 

Antimetropia ; Simple  hypermetropia  right  'eye;  Simple  myopda  of 
large  amount  with  convergent  strabismus  left  eye;  Correction  of 
strabismus  with  glasses  without  operation. 

E.  S.,  aged  18,  in  poor  health,  came  on  account  of  trachoma  i 
and  convergent  strabismus  of  the  left  eye.  She  was  anemic  and  much  , 
run  down,  had  but  poor  appetite,  and  was  under  treatment  toi  | 
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“nervous  dyspepsia.”  There  is  considerable  inflammation  of  the 
lids,  with  some  discharge. 

Aiter  flve  months’  treatment  locally  and  generally,  the  first  test 
for  glasses  was  made. 

Ophthalmometer.  Astigmatism  with  the  rule,  .50  D.,  axis  90°  + 
or  180°  — each  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = — : f-  W.  + 1 D. 

30  20 

2 20 

L.  V.  = — : _ W.  — 16  D. 

200  200 

Reads  Jaeger  No.  1,  6 to  15  inches,  with  the  right  eye. 

Ophthalmoscope.  H.  1.50  D.  right  eye;  M.  17  D.  left  eye,  with 
posterior  staphyloma,  choroiditis,  and,  floating  bodies  in  the  vitre- 
ous. 

Second  test  corresponded  with  the  first,  and  -}-  1 D.,  right  eye, 
and  — 10  D.,  left  eye,  were  ordered,  to  be  worn  constantly.  After 
about  six  weeks’  time  the  left  or  myopic  eye  no  longer  squinted,  a 
most  gratifying  and  unusual  result,  although  she  has  not  single  bi- 
nocular vision. 

The  correction  of  the  convergent  strabismus  in  the  myopic  eye  by 
means  of  glasses  in  this  case  is  to  be  accounted  for  in  exactly  the  same 
way  as  the  ordinary  convergent  squint  of  hypermetropia  is  corrected 
by  glasses,  as  follows:  the  patient,  being  in  poor  health  and  having 
1 D.  of  manifest  hypermetropia  in  the  right  eye,  converged  the  left 
amblyopic  eye  unduly  inward  in  order  to  assist  the  accommodation 
in  the  right  eye.  When  the  manifest  hypermetropia  in  the  right 
eye  was  corrected  with  a plus  glass,  there  was  no  need  of  the  extra 
accommodative  power  in  that  eye,  so  the  patient  no  longer  converged 
the  left  eye  too  far,  but  relaxed  this  effort,  and  the  left  eye  became 
straight. 

Emmetropiu  right  eye;  Hypei-metropic  astigmatism,  left  eye;  In  the 

course  of  16  years  first  converted  into  myopia,  then  into  compound 

myopic  astigmatism  against  the  ride. 

R.  M.,  aged  8,.  for  a month  or  two  has  complained  of  headache,  di- 
plopia and  pain  in  the  eyes. 

Ophthalmometer:  astigmatism  with  the  rule,  .50  D.  axis  90°  -f-  or 
180° — , right  eye. 

Astigmatism  with  the  rule,  .75  D.  axis  90°  -[-  or  180°  — , left  eye. 

Test  cards  and  trial  lenses. 

20 

R.  V.  = — not  improved. 

15 

20  20 

L.  V.  = — : — W.  + .25  cvl.,  90°. 

15  15 

Reads  Jaeger  No.  1 from  4 to  15  inches. 
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O.phthaUnoscope  shows  H.  .50  D.,  each.  Has  slight  convergence. 
Accepts  no  glasses.  Ad.  11°,  ab.  5°  sur.  R.  & L.  With  red  glass 
has  homonjonous  horizontal  diplopia.  The  patient  w'as  placed  on 
tonics. 

Later  complained  of  some  headaches  and  pains  in  the  eye,  also  of 
seeing  double  at  times. 

Ophthalnimneter:  astigmatism  with  the  rule,  .25  D.  axis  90°  -I-  or 
180°  — , right  eye. 

Astigmatism  with  the  rule,  .50  D.  axis  90°  -f-  or  180°  — , left  eye. 
Test  cards  arid  tidal  lenses. 

20  20 

B.  V.  = — : — W.  — 1 D. 

50  20 

20  20 

L.  V.  = — : _ W.  — 1.25  D. 

50  20 

Reads  Jaeger  No.  1 from  4 to  15  inches.  After  two  days  of  atro- 
pin  accepted  the  same  glasses,  and  the  ophthalmoscope  and  retino- 
scope  confirmed  the  subjective  tests. 

Ordered:  —ID.  right  eye;  — 1.25  D.  left  eye. 

Four  years  after  first  test  the  patient  accepted,  right,  — 1.50  D. 
_ — 0.50  D.  cyl.,  105° ; left,  — 1.50  D.  C — 0.50  D.  cyl.,  90°. 

The  following  year : right,  — 2.25  D.  = — .75  D.  cyl.,  105° ; left 
— 2.50  D.  = — .75  D.  cyl.,  90°. 

Nine  years  subsequent  to  the  first  visit  patient  accepted  right  — 
3.50  D.  = — 1 D.  cyl.,  90° ; left,  — 3.50  D.  = — 1 D.  cyl,  90°! 

Still  complained  of  seeing  double  at  times.  Ad.  15°,  ab  5°  sur 
B.  & L.  1°.  , , . 

Pinall}^  five  years  after  last  examination  the  ophthalmometer 
showed  astigmatism  with  the  rule  (corneal)  .25  D.,  axis  90°  -f  or 
180°  — , right  eye;  astigmatism  against  the  rule  (lenticular),  .50  D., 
axis  180°  + or  90°  — , right  eye;  astigmatism  with  the  rule  (corneal), 
.25  D.,  axis  90°  -j-  or  180°  — , left  eye ; astigmatism  against  the  rule 
(lenticular),  .50  D.,  axis  180°  + or  90°  — , left  eye. 

Test  cards  and  tnal  lenses. 

15  20 

R.  V.  = — : — with  — 3.75  D.  ==  —.75  cyl.,  90°. 

200  15 

15  20 

L-  V.  = — : — with  — 3.75  D.  = — .75  cyl.,  90°. 

200  15 

and  these  glasses  were  ordered. 

Reads  Jaeger  No.  1 from  6 to  8 inches. 

Ad.  19°,  ab.  5°,  sur.  R.  & L.  2°. 

Ophthalmoscope  shows  M.  3.50  D.  at  90°,  and  M.  4.50  D.  at  180°, 
each  eye.  Retinoscope  confirms  the  findings  of  the  other  tests. 
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CHAPTER  XIV. 

MIXED  ASTIGMATISM.  ILLUSTRATIVE  CASES. 

;Mixed  astiginatisni  is  one  of  the  most  troublesome  errors  of  refrac- 
tion one  is  called  upon  to  correct,  and  many  ophthalmologists  never 
attempt  to  correct  a case  of  mixed  astigmatism  -without  the  use  of  a 
cycloplegic.  To  beginners  such  cases  are  puzzling,  and  the  exam- 
iner, is  often  led  to  make  prolonged  and  unnecessary  tests.  In  the 
opinion  of  the  writer,  unless  there  is  a tendency  to,  or  an  actual 
spasm  of,  accommodation,  there  is  no  more  call  for  the  use  of  a cyclo- 
plegic in  testing  a case  of  mixed  astigmatism  than  there  is  in  simpler 
erroi*s  of  refraction. 

Retinoseopy  is  a most  valuable  method  of  testing  where  a cyclo- 
plegic or  mydriatic  is  used,  but  by  the  use  of  the  ophthalmometer 
and  a routine  method  of  testing  the  cases,  we  are  able,  in  the  great 
majority  of  cases,  to  avoid  the  troublesome  cycloplegic  altogether. 

The  test  in  these  cases  is  begun  in  exactly  the  same  manner  as  in 
all  others,  that  is,  to  ascertain  with  the  ophthalmometer  the  amount 
and  axis  of  the  corneal  astigmatism;  then  proceed  with  trial  lenses, 
the  ophthalmoscope  and  if  necessary  use  a cycloplegic  and  the  retino- 
scope.  Suppose,  for  example,  the  ophthalmometer  reads  astigma- 
tism with  the  rule,  2.50  D.,  axis  90°  -|-  or  180°  — . The  first  glass  to 
try  is  a -f-  .25  D.  cyl.,  90°.  If  this  improves  vision,  gradually  in- 
crease its  strength  (-(-  -25  D.  at  a time)  until  the  plus  cylindrical 
glasses  cease  to  improve  the  vision.  By  way  of  illustration  in  this 
hypothetical  case,  let  us  suppose,  further,  that  the  patient  accepts 

20  20 

-f-  1 D.  cyl.,  90°,  and  the  vision  is  improved  from  — to  — , but  that 

100  50 

when  a -|-  1.25  D.  cyl.,  90°,  is  tried  it  makes  the  vision  worse.  Now, 
since  the  ophthalmometer  showed  the  patient  to  have  2.50  D.  of  as- 
tigmatism, and  as  he  accepts  only  1 D.  of  that  amount  in  plus 
glasses,  we  suspect  mixed  astigmatism,  especially  if  a weak  plus  sphe- 
rical glass  in  addition  to  the  cylindrical  does  not  further  improve 
vision.  Then  try  a — .25  D.  cyl.,  180°.  If  this  improves  vision,  it 
should  be  increased  in  strength,  a quarter  diopter  at  a time,  until 
the  vision  ceases  to  be  improved  thereby,  being  careful  to  stop  with 
the  weakest  minus  glass  that  gives  the  best  vision.  We  will  say  — 1 
D.  cyl.,  180°,  in  this  instance,  and  that  the  vision  was  further  im- 

20  20 

proved  over  that  obtained  by  the  plus  cylinder  alone;  — to  — , with 

50  30 
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the  two  cylinders  combined.  This  would  indicate  mixed  astigma- 
tism, equally  divided  as  to  hypermetropia  and  myopia,  or  1 D.  of 
each,  and  2 D,  of  astigmatism  all  told.  Deducting  .50  D.  from  the 
reading  of  the  ophthalmometer  (which  is  2.50  D.),  since  the  astig- 
matism is  with  the  rule,  it  leaves  just  2 D.  of  astigmatism  to  be  cor- 
rected; or  the  lenticular  astigmatism  may  be  tested  objectively  with 
the  phakometer.  Of  course,  a second  test  should  be  given  in  all 
cases  of  mixed  astigmatism,  and  if  the  glasses  on  the  second  test 
agree  with  the  first  test,  do  not  hesitate  to  give  them.  Sometimes  it 
is  necessary  to  give  a third  test.  It  is  exceptional  in  the  author’s  ex- 
perience not  to  be  able  to  “fit”  such  cases  without  the  use  of  a eyclo- 
plegic. 

Knowing  the  amount  of  the  astigmatism  from  the  reading  of  the 
ophthalmometer,  we  can  readily  see  how  close  the  astigmatism,  as  in- 
dicated by  the  glasses  accepted,  corresponds  with  it.  In  this  way 
we  are  put  on  guard  against  giving  too  strong  minus  cylinders  in 
such  cas^,  as  is  often  done,  especially  where  the  test  is  improperly 
begun  with  minus  glasses. 

If  it  IS  of  great  importance  in  ordinary  cases  to  commence  the  test 
with  plus  glasses,  how  much  more  important  to  begin  in  the  same 
way  for  mixed  astigmatism?  We  must  do  so  unless  we  wish  to  give 
too  strong  minus  cylinders,  or  use  a cycloplegic.  In  fact  it  is  not 
so  very  uncommon  to  see  cases  of  mixed  astigmatism  fitted  with 
minus  cylindrical  glasses  alone.  So  easy  is  it  to  fall  into  this  error, 
that  we  venture  to  present  a diagram  of  such  a case,  and  in  this  way 
demonstrate  how  such  mistakes  are  made  and  thus  keep  beginners 
from  blundering. 

As  an  example,  we  will  take  the  case  just  cited  above,  where  the 
ophthalmometer  reads  astigmatism  with  the  rule,  2.50  D.,  axis  90°  -f 

or  180°  — , and  the  patient  accepted  + 1 D.  eyl.,  90°  1 D.,  cyl., 

180°. 

Now,  if  instead  of  beginning  the  test  with  weak  plus  cylindrical 
glasses,  as  we  did,  say  we  began  with  minus  cylinders,  and  gradually 
increased  them  in  strength.  In  place  of  stopping  with  — ID.  cyl., 
180  , the  exact  correction  of  the  myopic  astigmatism,  the  patient 
would  most  likely  have  accepted  — 2D.  eyl.,  180°,  the  total  amount 
of  asti^atism  present.  In  this  way  the  mixed  astigmatism  is  con- 
verted into  a simple  hypermetropia  of  1 D. 

A glance  at  Fig.  92  shows  how  this  is  brought  about.  The 2D. 

cyl.,  180°,  not  only  corrects  the  myopia  of  1 D.  in  the  vertical  me- 
ridian, but  diverges  the  rays  in  that  meridian  1 D.  back  of  the  retina. 
Now,  since  the  eye  is  already  hj^permetropic  1 D.  in  the  horizontal 
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meridian,  we  evidently  have  in  effect  1 D.  of  simple  hypermetropia 
present;  which  induced  hypermetropia,  by  the  way,  the  patient  can 
and  often  will  correct  by  the  use  of  the  ciliary  muscle,  since  he  now 
can  use  it  in  its  entire  circumference.  Not  only  can  the  patient  do 
this,  but,  if  his  accommodative  power  is  strong,  he  sometimes  does 
it  with  comfort.  Hence  the  occasional  relief  from  asthenopia  in 
mixed  astigmatism,  even  with  simple  minus  cylindrical  glasses. 

Incidentally  it  may  be  remarked,  a case  similar  in  effect  to  this  is 
one  in  which  a patient  with  simple  hypermetropic  astigmatism  ac- 
cepts a simple  minus  cylinder.  Suppose  a patient  wears  a + 1 D. 
cyl.,  90°,  to  correct  a simple  hypermetropic  astigmatism  of  that 


amount.  Now,  instead  of  this  he  will  sometimes  accept  — ID.  cyl., 
180°,  especially  if  in  testing  for  glasses  minus  cylinders  are  first 
tried.  The  — ID.  cyl.,  180°,  converts  the  patient’s  simple  hyperme- 
tropic astigmatism  into  a simple  hypermetropia  of  1 D.  (see  Fig. 
93). 

The  patient  by  means  of  his  accommodative  power  can  correct  this 
simple  hypermetropia  (as  shown  by  the  minus  cylinder)  with  com- 
fort at  times,  because  he  can  use  the  whole  of  the  ciliary  muscle  reg- 
ularly; while  he  could  not  correct  the  simple  hypermetropic  astigma- 
tism without  discomfort,  since,  in  that  case,  the  ciliary  muscle  con- 
tracts irregularly  to  act  on  the  horizontal  meridian  of  the  lens  with- 
out at  the  same  time  acting  on  the  vertical,  meridian,  wliich  is 
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emmetropic  and  whose  refractive  force  should  not  be  altered.  Such 
is  the  simple  explanation  of  these  cases.  No  stronger  plea  could  be 
urged  for  the  beginning  of  all  tests  with  plus  glasses. 

To  recapitulate:  most  cases  of  mixed  astigmatism  can  be  correctly 
fitted  with  glasses  without  the  use  of  a cycloplegic,  provided  first, 
that  the  amount  and  meridian  of  the  corneal  astigmatism  be  ascer- 
tained ; next,  that  the  test  for  glasses  be  begun  with  weak  plus  glasses 
and  their  strength  gradually  increased;  and,  finally,  minus  glasses 
tried. 

The  chief  indication  for  a cycloplegic  in  such  cases,  as  in  all  other 

9C°  90° 


Fig.  93.  ('JJ  Before  Correction.  (B)  After  Correction  with  — ID.  cyl.,  180*, 
by  which  the  simple  hypermetropic  astigmatism  is  converted  into  a simple 
hypermetroi)ia  of  1 D. 


refractive  errors,  is  spasm  of  accommodation,  the  indications  of  which 
have  already  been  pointed  out. 

The  following  brief  case-histories  of  cases  of  mixed  astigmatism 
will  serve  further  to  illustrate  the  contentions  of  this  chapter. 

Mixed  astigmatism,  \of  large  amount  and  with  the  ride  in  each  eye^ 

Asthenopia;  Relief  with  glasses. 

S.  A.,  aged  22,  in  good  general  health,  has  had  trouble  with  her 
eyes  for  the  past  six  years.  She  now  complains  of  having  to  hold 
the  print  too  close  to  her  eyes  when  she  reads,  also  of  headache,  and 
pain  in  the  eyes  after  reading  or  sewing. 

Ophthalmometer : Astigmatism  with  the  rule,  4 D.,  axis  75®  -j-  or 
165°  — , right  eye;  5 D.,  axis  95°  + or  5°  — , left  eye. 
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Test  cards  and  trial  lenses. 

10  20 

= — — W.  -1-  1.75  D.  cyl.,  75°  — 1.75  D.,  cyl.,  165°. 

200  40 

10  20 

L-  V.  = — : — W.  + 3.25  D.  cyl.,  95°  — ID.  cyl.,  5°. 

200  50 

Reads  Jaeger  No.  1 from  8 to  15  inches. 

Ophthalmoscope:  M.  2 D.  at  75°  and  H.  2 D.  at  165°,  right  eye- 
M.  1 D.  at  95°  and  H.  4 D.  at  5°  left  eye. 

Second  test : Three  days  later  the  ophthalmometer  gave  exactly 
the  same  reading  as  at  the  first  test. 

Test  cards  and  trial  letises. 

10  20 

R.  V.  = — : — W.  + 2 D.  cyl.,  75°  — 1.50  D.  cyl.,  165°. 

200  40 

10  20 

h.Y.=—  : _ W.  + 3.50  D.  cyl.,  95°  — .75  D.  cyl.,  5°. 

200  50 

The  ophthalmoscope  agi-eed  practically  with  the  first  examination. 
The  glasses  accepted  on  the  second  test  were  ordered  in  sphere-cyl- 
inders; — 1.50  D.  -f  3.50  D.  cyl.,  75°,  right;  and  — .75  D.  -f-  4.25  D. 
cyl.,  95°,  left.  These  glasses  were  worn  with  great  satisfaction  from 
the  first,  and  have  not  been  changed  for  a period  of  seven  years. 

It  will  be  noticed  that  sphero-cylinders  were  ordered  instead  of 
cross-cylinders.  In  this  instance  we  gave  sphero-cylinders,  because  by 
actual  trial  in  the  trial  frames  the  sphero-cylinders  were  more  com- 
fortable to  the  patient  and  gave  equally  good  vision.  It  will  be 
seen,  also,  that  we  gave  a minus  sphere  with  a plus  cylinder.  There 
was  a reason  for  this ; the  minus  sphere  combined  with  plus  cylin- 
der is  a much  lighter  glass,  in  this  instance.  For  example,  take  the 
glass  for  the  left  eye:  — .75  D.  + 4.25  D.  cyl.,  95°,  is  a much  lighter 
glass  than  3.50  D.  — 4.25  cyl.  5°,  though  both  these  formulae  repre- 
sent glasses  identical  in  elfect. 

When  we  have  'rmxed  astigmatism  in  one  eye  only  and  transpose  a 
cro.ss-cylinder  into  a sphero-cylinder  we  should  pay  some  attention 
to  the  axis  of  the  cylinder  in  the  other  eye,  if  astigmatism  of  a sim- 
ple or  compound  nature  is  present — a point  that  will  be  illustrated 
by  cases  to  follow. 

In  small  and  moderate  degrees  of  mixed  astigmatism,  instead  of 
prescribing  cross-cylinders,  .sphero-cylinders  are  often  to  be  preferred 
since  they  are  optically  as  good  as  and  cheaper  than  cross-cylinders. 
But  in  high  degrees  of  mixed  astigmatism  cross-cylinders  are  of 
greater  value  since  they  allow  a broader  field  of  vision.  The  rule  for 
tran.sposing  the  formulae  of  cross-cylinders  into  those  of  sphero-cylin- 
ders is  a very  simple  one,  the  simplest  of  algebraic  equations,  but  for 
the  benefit  of  those  who  may  have  forgotten  their  algebra  we  shall  use 
the  simplest  terms,  so  that  this  useful  method  may  be  fully  under- 
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stood.  We  shall  first  give  a concrete  example  in  order  to  illustrate 
the  rule  more  plainly.  Take  the  last  case  cited,  right  eye,  where  the 
patient  accepts  a + 2 D.  cyl.,  75°  — C 1-50  D.  cyl.,  165°.  To  convert 
this  formula  into  that  of  a sphero-cylinder  (plus  sphere  with  a minus 
cylinder),  assume  a + 2 D.  sphere  in  place  of  the  2 D.  cyl.,  then 
transpose  2 D.  to  the  opposite  side  of  the  equation,  changing  the  sign 
with  the  transposition,  and  add  this  amount  (2  D.)  to  the  — 1.50  D. 
cyl.,  which  would  give  — 3.50  D.  cyl.,  165°,  the  axis  of  the  minus 
cylinder  remaining  unchanged.  The  transposed  glass  is  written  thus : 
+ 2 D.  C — 3.50  D.  cyl.,  165°. 

To  convert  this  cross-cylinder  into  a sphero-cylinder  (minus 
sphere  with  a plus  cylinder)  give  a — 1.50  D.  sphere  in  place  of  the 


L.  E. 


Fig.  94. 


— 1.50  D.  cyl.,  then  transpose  — 1.50  D.  to  the  opposite  side  of  the 
equation,  changing  the  sign  in  the  transposition,  and  add  the  amount 
(1.50  D.)  to  the  + 2 cyl.,  which  would  give  3.50  D.  cyl.,  75°,  the 
axis  of  the  plus  cylinder  remaining  unchanged.  The  transposed  glass 
is  indicated  thus:  sph.  — 1.50  D.  3 + 3.50  D.  cyl.,  ax.  75°. 

In  other  words,  if  we  wish  to  convert  a cross-cylinder  into  a sphero- 
cylinder  (a  plus  sphere  with  a minus  cylinder),  all  that  it  is  neces- 
sary is  to  give  in  place  of  the  plus  cylinder  a plus  sphere  of  equal 
strength,  then  add  this  amount  to  the  strength  of  the  minus  cylinder, 
leaving  its  axis  unchanged.  If  we  wish  to  convert  it  into  a sphero- 
cylinder  (minus  sphere  with  a plus  cylinder),  all  that  is  necessary 
is  to  write  in  place  of  the  minus  cylinder  a minus  sphere  of  equal 
strength,  and  add  this  amount  to  the  plus  cylinder,  leaving  its  axis 
unchanged. 

A glance  at  Fig.  94  will  show  how  each  of  the  following  (three) 
lenses  (the  cross-cylinder  and  the  sphero-cylinders  into  which  it  is 
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capable  of  being  converted)  can  correct  the  mixed  astigmatism  in  the 
right  eye.  (1)  + 2 D.  cyl.,  75°  — 1.50  D.  cyl.,  165°;  (2)  +2  0. 
— 3.50  D.  cyl.,  165°;  (3)  — 1.50  D.  + 3.50  D.  cyl.,  75°. 

Of  glass  No.  1 (the  cross-cylinder)  the  + 2 D.  cyl.,  75°  corrects  the 
hypermetropia  at  165°  (cylinders  always  acting  at  right  angles  to 
their  axes),  while  — 1.50  D.  cyl.,  165°  corrects  the  myopia  at  75°; 
thus  the  eye  is  rendered  emmetropic,  or  is  “corrected.”  In  the  case 
of  glass  No.  2,  the  + 2 D.  corrects  the  hypermetropia  at  165°  ; but 
since  it  acts  in  its  whole  circumference,  it  makes  the  myopia  worse 
to  that  extent  (2D.)  in  the  meridian  at  75°,  consequently  that  amount 
has  to  be  added  to  the  — 1.50  D.  cyl.,  making  it  — 3.50  D.  cyl.,  165°. 
With  glass  No.  3,  the  — 1.50  D.  corrects  the  myopia  in  the  meridian 
at  75° ; but  here  again,  since  it  acts  in  its  entire  circumference,  it 
makes  the  hypermetropia  worse  to  that  extent  (1.50  D.)  in  the  me- 
ridian at  165° ; therefore  that  amount  has  to  be  added  to  the  + 2 D. 
cyl.,  making  it  + 3.50  D.  cyl.,  75°. 

As  a rule,  when  transposing  the  formulae  of  cross-cylinders  into 
those  of  sphero-cylinders,  the  weaker  cylinder  should  be  converted 
into  the  sphere  and  the  same  amount  added  to  the  stronger;  be- 
cause such  a combination  makes  a lighter  glass  than  if  the  stronger 
cylinder  were  converted  into  a sphere  and  the  weaker  cylinder  added 
to  it.  However,  in  making  such  a choice,  some  regard  must  be  had 
to  the  opposite  eye,  if  astigmatism  is  present  in  that  eye,  and  espe- 
cially if  it  is  not  of  the  mixed  variety.  Several  examples  will  be 
given  to  illustrate  further  these  important  points. 

Mixed  astigmatism  of  large  amount,  with  the  ride;  Marked  asthenopia, 

severe  headaches,  dizziness;  Relief  with  glasses. 

F.  E.  P.,  aged  26,  in  good  health,  has  worn  glasses  at  times  since 
childhood,  but  none  of  the  glasses  were  satisfactory.  When  she  reads, 
her  eyes  and  head  ache,  and  if  she  persists  in  reading  for  any  consid- 
erable length  of  time  she  becomes  dizzy. 

Ophthalmometer:  Astigmatism  with  the  rule,  5 D.,  axis  105°  + 
or  15°  — , right  eye;  6 D.,  axis  75°  + or  165°  — , left  eye. 

Test  cards  and  trial  lenses. 

15  20 

R.  V.  = — ; — with  + 1 D.  cyl.,  105°  — 3.50  D.  cyl.,  15°. 

200  70 

15  20 

L.  V.  = — : — with  +•!  D.  cyl.,  75°  — 4.50  D.  cvl.,  165°. 

200  70 

Reads  Jaeger  No.  1,  5i+  to  12  inches. 

Ophthalmoscope:  M.  4 D.  at  105°  and  H.  1 D.  at  15°  right  eye; 
M.  5 D.  at  75°  and  H 1 D.  at  165°  left  eye. 

Second  test:  Four  days  later  the  ophthalmometer  gave  the  same 
reading  in  the  right  eye,  but  varied  5°  as  to  the  axis  in  the  left  eye, 
giving  6 D.,  axis  70°  + or  160°  — . 

15  20 

R.  V.  = — : — W.  + 1.25  D.  cyl.,  105°  — 3.25  D.  cyl.,  15°. 

200  50 
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15  20 

L-  V.  = — : — W.  + 1 D.  cyl.,  70°  — 4.50  D.  cyl.,  160°. 

200  70 

Reads  Jaeger  No.  1,  5i/^  to  12  inches. 

This  last  lens  was  ordered  as  a sphero-cylinder  (plus  sphere  with 
a minus  cylinder).  Usually,  in  a case  with  as  large  an  amount  of 
mixed  astigmatism  we  prescribe  cross-cylinders,  because  it  gives  a 
broader  field  of  vision.  But  in  this  instance  so  much  of  the  refrac- 
tion is  represented  by  a minus  glass  and  so  little  by  a plus  lens  that 
sphero-cyhnders  were  prescribed.  Had  the  hypermetropic  and  my- 
opic positions  of  the  astigmatism  been  nearly  or  exactly  equal  we 
should  have  given  cross-cylinders,  because  they  would  have  ’fur- 
nished a larger  field  of  vision  than  the  sphero-cylinders. 


105“  70® 


Again,  in  the  present  case,  although  we  converted  the  cross-cylin- 
ders into  a sphero-cylinder,  we  chose  a plus  sphere  with  a minus  cylin- 
der and  not  a sphero-cylinder  with  a minus  sphere  and  a plus  cylin- 
der, because  the  latter  choice  would  have  made  a very  heavy  lens,  to 

eye;  — 4.50  D.  + 5.50  D.  cyl., 

70  left  eye. 

When  a cross-cylinder  lens  and  one  of  the  sphero-cylinders  of  the 
■formula  into  which  it  can  be  converted  do  not  differ  much  in  weight, 
as  in  the  cross-cylinder  and  the  sphero-cylinder  (the  one  with  a plus 
sphere  and  a minus  cylinder  in  the  present  case)  we  give  a practical 
test  to  decide  between  the  “fitness”  of  the  two  glasses.  We  first  try 
the  cross-cylinders,  then  the  sphero-cylinders  in  trial  frames,  and  ask 
the  patient  with  which  lenses  he  sees  best  and  most  comfortably; 
and  decide  accordingly.  Strange  as  if  mag  seem,  patients  often  see 
considerahhj  better  with  one  glass  than  the  other,  although  in  theorij 
both  lenses  have  the  same  refractive  effect. 
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Mixed  astigmatism  with  the  rule;  No  amblyopia;  Persistent  head- 
aches; Relief  w-ith  glasses. 

A.  S.,  aged  40,  in  good  health,  has  suffered  from  headaches  all  her 
life.  At  times  the  headaches  are  very  severe;  in  fact,  neuralgic  in 
character,  and  intensified  by  any  persistent  use  of  the  eyes. 

Ophthalmp'meter.  Astigmatism  with  the  rule,  3.50  D.,  axis  100°  -j- 
or  10°  — , right  eye ; 3.50  D.,  axis  80°  + or  170°  — left  eye. 

Test  cards  and  trial  lenses. 


20  20 

R.  V.  = : h W.  + .75  D.  cyl.,  100°  — 2D.  cyl.,  10°. 

40  20 

20  20 

h.Y.= : h W.  + .75  D.  cyl.,  80°  — 2 D.  cyl.,  170°. 

40  20 

20 

With  both  eyes  at  once,  distant  vision  = — . 

15 

Reads  Jaeger  No.  1 from  8 to  18  inches. 


100° 


80“ 


Fig.  96. 


Ophthalmoscope.  M.  2 D.  at  100°  and  H.  1 D.  at  10°,  right  eye; 
M.  2 D.  at  80°  and  II.  1 D.  at  170°,  left  eye. 

These  glasses  in  the  form  of  sphero-eylinders  (+  .75  D.  — 2.75  D. 
cyl.,  10°,  right  eye;  + .75  D.  — 2.75  D.  cyl.,  170°,  left  eye)  were 
prescribed  afteii  one  test.  They  gave  relief  almost  immediately^ 
and  were  worn  with  comfort  for  three  years.  It  will  thus  be  seen 
that  even  cases  of  mixed  astigmatism  can  be  “fitted”  correctly,  not 
only  without  the  use  of  a cycloplegic,  but  at  one  sitting.  Of  course, 
the  age  of  this  patient  favored  the  procedure.  In  patients  under 
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forty  years  of  age  that  exhibit  mixed  astigmatism,  one  should  always 
give  two,  and  in  most  cases  three,  tests  before  prescribing  glasses. 

The  sphero-cylinder  with  a plus  sphere  and  a minus  cylinder  was 
more  desirable  than  the  sphero-cylinder  with  a minus  sphere  and  a 
plus  cylinder,  because  the  former  is  lighter  and  the  axes  of  the  cylin- 
ders are  horizontally  placed,  or  nearly  so. 

Mixed  astigmatism  with  the  rule  in  one  eye;  Hypermetropic  astig- 
matism ivith  the  rule  in  the  other  eye;  Asthenopia;  Relief  with 

glasses. 

E.  R.,  aged  32,  in  perfect  health,  has  always  suffered  with  severe 
headaches  and  with  pain  in  the  eyes.  She  has  been  wearing  glasses 
for  the  last  nine  months,  but  without  much  relief  from  her  asthenopic 
symptoms. 

Ophthalmometer.  Astigmatism  with  the  rule,  1 D.,  axis  80°  -|-  or 
170°  — , right  eye;  4.25  D.,  axis  105°  -j-  or  15°  — , left  eye. 

Test  cards  and  trial  lenses.  The  lines  in  the  horizontal  meridian 
from  III  to  IX  are  seen  plainest  with  the  right  eye.  The  lines  from 
IV  to  X appear  plainest  with  the  left  until  + 1.25  D.  cyl.,  105°,  is 
placed  before  the  eye,  when  all  of  the  lines  appear  alike,  but  some- 
what blurred.  When  the  entire  plus  cylinder,  2.75  D.,  is  placed  in 
front  of  the  left  eye,  the  lines  from  I to  VII  are  seen  plainest;  but 
when  — 1.50  D.  cyl.,  15°,  is  added  to  the  plus  cylinder  in  the  frames, 
all  of  the  lines  appear  alike  and  plain. 

10  20 

R.  V.  = — : W.  .50  D.  cyl.,  85°. 

200  70 

20  20 

L.  V.  = — : _ W.  -f  2.75  D.  cyl.,  105°  — 1.50  D.  cyl.,  15°. 

30  15 

Reads  Jaeger  No.  1 from  7 to  18  inches. 

Ophthalmoscope.  H.  1 D.  right  eye;  H.  2 D.  at  15°  and  M.  2 D.  at 
105°  left  eye. 

Second  test:  the  ophthalmometer  reads  the  same  exactly  as  at  the 
first  test. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = — : _ W.  + .50  D.  cyl.,  85°. 

30  15 

10  20 

L.  V.  = — : _ W.  + 2.50  D.  cyl.,  105°  — 1.50  D.  cyl.,  15°. 

200  70 

The  ophthalmoscope  agreed  with  the  first  examination.  Ordered: 

-j-  .50  D.  cyl.,  85°  right  eye; 

— 1.50  D.  -f-  4 D.  cyl.,  105°  left  eye. 

We  wish  to  call  attention  to  two  points  in  this  case:  firet,  the  axis 
of  the  cylinder  in  the  right  eye  varied  5°  from  the  reading  of  the 
ophthalmometer ; second,  we  converted  the  cross-cylinder  in  the  left 
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eye  into  a sphero-eylinder,  — a minus  sphere  with  a plus  cylinder  — 
and  for  three  reasons:  (a)  to  make  the  axis  of  the  cylinder  corre- 
spond to  the  right  eye;  (b)  because,  in  this  case,  it  is  a lighter  glass 
than  the  sphero-eylinder  with  a plus  sphere  and  a minus  cylinder; 
and  (c)  it  is  a cheaper  lens. 

In  cases  such  as  the  present,  where  there  is  mixed  astigmatism  in 
one  eye  and  simple  or  compound  astigmatism  in  the  other,  in  con- 
verting the  corresponding  cross-cylinders  into  sphero-cylinders,  some 
regard  must  be  had  to  the  character  (plus  or  minus)  of  the  cylin- 
der in  the  transposed  glass  with  reference  to  the  cylinder  in  the  op- 
posite eye.  Because,  as  a rule,  a plus  cylinder  for  one  eye  and  a minus 
cylinder  for  the  other  do  not  work  as  well  as  when  both  are  positive 
or  both  negative.  This  point  should  be  borne  in  mind  in  the  con- 


85°  105“ 


Fig.  97. 

version  of  cross-cylinders  ; unless  by  so  doing  the  weight  of  the  glass 
is  greatly  increased,  cylinders  of  like  character  should  be  given. 
Sometimes  it  is  better  to  prescribe  the  cross-cylinder  in  the  mixed 
astigmatic  eye  (especially  if  the  astigmatism  is  of  large  amount) 
rather  than  convert  it  into  a sphero-eylinder,  either  plus  sphere  and 
minus  cylinder,  or  minus  sphere  and  plus  cylinder.  Often  by  plac- 
ing the  different  combinations  in  front  of  the  eye  for  a few  moments, 
the  patient  will  be  able  to  make  the  choice  himself. 

Mixed  astigmatism  with  the  rule,  right  eye;  Hypermetropic  astig- 
matism with  the  rule,  left  eye;  Marked  asthenopia;  Spasm  of  ac- 
commodation; Atropia  instilled;  Belief  with  glasses. 

P.  J.,  aged  30,  is  in  good  general  health,  but  has  suffered  a great 
deal  from  headaches  and  pains  in  the  eyes.  It  is  almost  impossible 
for  her  to  use  her  eyes  for  close  work  of  any  kind,  because  of  the  se- 
vere headaches  and  the  discomfort  in  the  eyes  when  she  attempts  such 
work. 

Vol.  XIV— 4 6 
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Ophthalmometer.  Astigmatism  with  the  rule,  4.50  D.,  axis  90°  -f- 
or  180°  — , right  eye;  1.50  D.,  axis  90°  + or  180°  — , left  eye. 

Test  cards  and  trial  lenses.  The  tests  with  the  astigmatic  clock-dial 
were  altogether  unsatisfactory,  no  definite  result  being  obtained  by 
them. 

10  20 

R.  V.  = — : _ W.  — 1 D.  — 4 D.  cyl.,  180°. 

200  50 

20  20 

L.  V.  = — : _ W.  — 1 D.  cyl.,  180°. 

40  30 

Reads  Jaeger  No.  1 from  10  to  14  inches. 

With  the  above  glasses  the  patient  could  see  very  well  for  a few 
moments  at  a time,  then  everything  would  “fade  out.”  This  hap- 


Fig.  98. 


pened  several  times  during  the  trial  when  the  eyes  were  being  tested 
separately.  It  is  unnecessary  to  say  that  the  test  in  each  eye  was 
begun  with  the  (routine)  method  of  trying  plus  glasses  first.  As 
these  were  refused,  minus  glasses  were  next  tried,  with  the  above  re- 
sult. 

Spasm  of  accommodation  was  suspected  because  the  patient  was 
uncertain  of  the  glasses,  and  as  the  letters  became  indistinct  and  il- 
legible from  time  to  time.  The  examination  with  the  ophthalmo- 
scope showed  the  patient  to  be  a mixed  astigmatic  in  the  right  eye. 
Retinoscopy  confirmed  the  diagnosis  of  mixed  astigmatism  in  the 
right  eye,  but  the  diagnosis  in  the  left  eye  remained  in  doubt;  in  fact 
the  tests  indicated  myopic  astigmatism,  which  under  atropin  proved 
to  be  hypermetropic  astigmatism. 

There  were  no  muscle  in.sufficiencies.  Atropin  solution  (one  per 
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cent.)  was  ordered,  one  drop  into  each  eye  three  times  daily  for  four 
days.  Then  a second  test  was  made.  The  ophthalmometer  gave  the 
same  readings  as  at  the  first  test. 

Test  cards  and  trial  lenses. 

10  20 

R.  V.  = — : — W.  + 2 D.  cyl.,  90°  — 2D.  cyl.,  180°. 

200  50 
20  20 

L.  V.  = — : — W.  + 25  D.  + 1.50  D.  cyl.,  90°. 

200  30 

Ophthalmoscope.  H.  2 D.  at  180°  and  M.  2.50  D.  at  90°,  right 
eye ; Em.  at  90°  and  H.  1.50  D.  at  180°,  left  eye. 

Ten  days  later,  when  the  effects  of  the  atropin  had  passed  off,  a 
third  test  was  made.  The  subjective  tests  with  cards  and  trial  lenses 


75°  >20” 


resulted  in  the  patient  accepting  the  same  glasses  as  when  under  the 
influence  of  atropin,  except  that  the  + .25  D.  sphere  was  not  ac- 
cepted by  the  left  eye.  They  were  accordingly  ordered,  cross-cylin- 
ders, -j-  2 D.  cyl.,  90°  — 2D.  cyl.,  180°,  right  eye;  and  -f-  1.50  D. 
cyl.,  90°,  left  eye.  The  cross  cylinders  in  the  right  eye  gave  a broader 
field  and  more  clearly  defined  the  letters  than  either  of  the  sphero- 
cylinders  into  which  it  could  be  converted.  However,  had  either  of 
the  sphero-cylinders  been  ordered,  it  would  have  been  a minus  sphere 
with  a plus  cylinder,  so  that  the  cylinder  would  have  corresponded 
|x)th  in  character  (plus)  and  in  direction  of  axis  (90°)  with  the  cyl- 
inder in  the  opposite  eye. 

Mixed  astigmatism  with  the  rule,  left  eye;  Compound  hypermetropic 
astigmatism  with  the  rule,  right  eye;  Asthenopia;  Relief  with 
glasses. 

I.  S.,  aged  30,  in  good  health,  but  has  suffered  considerably  with 
headaches  since  her  school  days.  She  has  had  numerous  glasses,  but 
none  have  been  comfortable,  nor  have  they  relieved  the  headaches. 
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Ophthalmometer.  Astigmatism  with  the  rule,  1 D.  axis  75°  -|-  or 
165°  — , right  eye;  3 D.,  axis  120°  + or  30°  — , left  eye. 

20  20 

R.  V.  = : — W.  + .25  D.  + .50  D.  eyl.,  75°. 

20  15 

20  20 

L.  V.  = — : — W.  + 1.25  D.  cyl.,  120°  — 1.25  D.  cyl.,  30°. 

100  20 

Reads  Jaeger  No.  1 from  5 to  20  inches. 

Ophthalmoscope.  H.  1 D.  right  eye;  H.  1.50  D.  at  30°  and  M.  1.50 

D.  at  120°  left  eye. 


100°  80° 


Fig.  100. 


Second  test:  This  resulted  in  the  acceptance  of  exactly  the  same 
glasses  as  at  the  first  test ; and  they  were  ordered : 

-f-  .25  D.  -f-  .50  D.  eyl.,  75°,  right  eye; 

— 1.25  D.  + 2.50  D.  cyl.,  120°,  left  eye. 

In,  this  case,  as  the  mixed  astigmatism  was  not  of  large  amount 
and  was  equally  divided  between  hypermetropia  and  myopia,  the 
Gross-cylinder  was  converted  into  the  corresponding  sphero-cylinder, 
a minus  sphere  with  a plus  cylinder,  so  that  the  cylinder  would  ex- 
hibit the  same  character  (plus)  as  the  cylinder  in  the  opposite  eye. 
These  glasses  were  worn  with  great  comfort. 

Mixed  astigmatism  with  the  rule,  left  eye;  Simple  myopic  astigma~ 
tism.  with  the  rule,  right  eye;  Amhlyopia;  Asthenopia;  Relief  u’iih 
glasses. 

G.  B.,  aged  35,  in  good  general  health,  but  has  been  greatly  trou- 
bled with  his  eyes  for  many  years.  He  was  compelled  to  hold  reading 
matter  very  close  to  his  eyes,  and  after  using  them  for  close  work, 
vision  became  painful  and  headaches  often  followed. 
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Ophthalmometer.  Astigmatism  with  the  rule  in  each  eye,  3.50  D., 
axis  105°  + or  15  — , right  eye;  5 D.,  axis  85°  + or  175°  — , left 
eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = — : _ W.  — 3 D.  cyl.,  10°. 

50  40 

20  20 

L.  V.  = — : — W.  4-  2 D.  cyl.,  80°  — 2.50  D.  cyl.,  170°. 

100  50 

Reads  Jaeger  No.  1 from  5 to  12  inches. 

Ophthalmoscope.  M.  3.50  D.  at  100°  and  Em.  at  10°,  right  eye; 
M.  3 D.  at  80°  and  H.  2 D.  at  170°,  left  eye. 

Second  test,  after  using  an  astringent  wash  for  a week. 

Ophthalmdmeter.  Astigmatism  with  the  rule,  3.50  D.,  axis  100°  -f- 
or  10  — , right  eye ; 5 D.,  axis  80°  + or  170°  — , left  eye. 

The  subjective  test  resulted  in  exactly  the  same  glasses  being  ac- 
cepted as  at  the  first  test,  and  they  were  ordered : 

— 3D.  cyl.,  10°,  right  eye; 

+ 2 D.  cyl.,  180°  — 2.50  D.  cyl.,  170°  left  eye. 

Here,  again,  we  did  not  convert  the  cross-cylinder  into  a sphero- 
cylinder,  because  the(  astigmatism  was  large  in  amount,  and  be- 
cause by  actual  trial  of  both  the  sphero-cylinders  into  which  it  could 
be  transposed,  the  patient  saw  better  with  the  cross-cylinder.  Had 
we  given  a sphero-cylinder  it  would  have  been  a plus  .sphere  with  a 
minus  cylinder,  that  the  cylinder  might  correspond  with  the  con- 
cave cylinder  in  the  opposite  eye. 


Mixed  astigmatism  anth  the  ride,  left  eye;  Simple  myopic  astigmatism 
with  the  rule,  right  eye;  Asthenopia;  Glasses  ordered  without  atro- 
pin. 

W.  G.,  aged  8,  is  in  good  health,  but  has  been  troubled  with  head- 
aches at  school.  He  complains  also  of  not  being  able  to  see  the  black- 
board. 

Ophthalmometer.  Astigmatism  with  the  rule,  3.50  D.,  axis  105°  4- 
or  15°  — , right  eye ; 2.75  D.,  75°  -f  or  165°  — , left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  ==  — + : _ W.  — 3 D.  cyl.,  15°. 

200  40 

20  20 

L.  V.  f-  : — W.  + 1.25  D.  cyl.,  75°  — .75  D.  cyl.,  165°. 

200  40 

Ophthalmoscope.  M.  3.50  at  105°  and  Em.  at  15°,  right  eye  - M 
1 D.  at  75°  and  H 1.50  D.  at  165°,  left  eye 
Second  test,  made  after  using  an  astringent  wash  for  a mild  con- 
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junctivitis.  The  results  of  this  test  corresponded  in  eveiy  respect 
with  the  first  test,  and  the  glasses  were  ordered: 

— 3D.  cyL,  15°,  right  eye ; 

+ 1.25  D.  — 2 D.  cyl.,  165°,  left  eye. 

These  glasses  were  worn  for  more  than  five  years,  and  with  relief 
of  headaches  and  other  asthenopic  symptoms. 

The  tender  age  of  this  patient  seemed  to  demand  a eycloplegic  (and 
as  a rule  it  does)  especially  when  it  was  found  that  mixed  astigma- 
tism was  present ; nevertheless,  he  was  fitted  without  it.  The  axis 
of  the  lens  corresponded  exactly  with  the  axis  indicated  by  the  oph- 
thalmometer in  each  eye;  but  in  the  left  eye  .75  D.  was  deducted 
from  the  amount  instead  of  the  usual  .50  D.,  as  ordinarily  the  ease 
in  astigmatism  with  the  rule. 


Fig.  101. 


The  cross-cylinder  was  converted  into  a sphero-cylinder  (a  plus - 
sphere  with  a minus  cylinder)  that  the  cylinder  might  correspond  in  : i 
axis  and  character  with  the  simple  minus  cylinder  of  the  right  eye.  ; 
This  made  a slightly  heavier  glass  than  a sphero-cylinder  with  a 
minus  sphere  and  a plus  cylinder,  but  the  importance  of  having  both 
cylinders  alike  much  compensated  the  slight  disadvantage  in  weight. 

Mixed  astigmatism  with  the  rule  in  each  eye,  with  the  meridiam 
slanting  5°  fr&m  the  vertical  and  horizontal;  Asthenopia;  Belief  ' 
with  glasses. 

D.  D.  B.,  in  excellent  health,  but  has  suffered  a great  deal  with  his 
eyes  since  he  was  a child  at  school.  Headaches,  blurring  of  vision, 
burning  of  the  eyelids  and  pains  in  the  eyes  were  some  of  the  symp- 
toms of  which  he  complained.  He  has  had  numerous  glasses  pre- 
scribed, none  of  which  proved  satisfactory. 

Ophthalmo'meter.  Astigmatism  with  the  rule,  3 D.,  axis  95°  + 

5°  — in  each  eye. 
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Test  cards  a/nd  trial  lenses.  The  lines  on  the  clock-dial  appeared 
with  each  eye  to  be  equal  but  indistinct  before  the  test  began.  With 
a plus  cylinder  the  vertical  lines  seemed  plainest;  when  the  cor- 
recting minus  cylinder  was  added  to  the  plus  cylinder  the  horizontal 
lines  also  came  out  plainly  and  evenly. 

20  20  , 

B.  V.  ==  — : — W.  + 1.50  D.  cyl.,  95°  — 1.50  D.  cyl.,  5°. 

200  20 

20  20 

L.  V.  = — : — W.  + 1.25  D.  cyl.,  95°  — 1.25  D.  cyl.,  5°. 

200  20 

Reads  Jaeger  No.  1 from  3 to  16  inches. 

Ophthalmoscope.  M.  1.50  D.  at  95°  and  H.  1.50  D.  at  5°  in  each 


Second  test,  one  day  later,  the  ophthalmometer  showed  the  same 
reading. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = — : — -f  W.  -f  1.50  D.  cyl.,  95°  — 1.25  D.  cyl.,  5°. 

200  20 
20  20 

L V.  = — : h W.  + 1.50  D.  cyl.,  95°  — 1.25  D.  cyl.,  5°. 

200  200 

A third  test  confirmed  the  second  result,  and  the  glasses  were  or- 
dered as  cross  cylinders.  The  latter  were  prescribed  because  they 
defined  the  letters  better  and  felt  easier  to  the  eyes  than  the  corre- 
sponding sphero-cylinders.  After  wearing  the  glasses  constantly  for 
a week  the  patient  had  relief  from  his  asthenopic  symptoms. 

This  patient  was  under  observation  for  more  than  two  years,  dur- 
ing which  time  he  wore  the  same  glasses  with  continued  relief.  It  is 
comparatively  a rare  occurrence  for  the  axes  of  an  astigmatism  in  the 
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two  eyes  to  slant  in  the  same  direction  from  tlie  horizontal  and  ver- 
tical meridians;  and  when  it  does  happen  the  asthenopia  is  usually 
more  marked  than  in  those  cases  where  the  axes  slant  an  equal  num- 
ber of  degrees  in  opposite  directions  from  the  vertical  and  horizon- 
tal meridians.  For  example,  let  the  axis  in  each  eye  slant  15°  toward 
the  temple  from  the  vertical  meridian,  in  which  case,  in  hyperme- 
tropic astigmatism,  the  cylinder  would  be  worn  at  105°,  right  eye, 
and  75°,  left  eye.  In  the  present  case  both  axes  stand  at  95°,  slant- 
ing toward  the  temple  in  the  right  eye,  and  toward  the  nose  in  the 
left  eye,  or  in  the  same  direction.* 

Mixed  astigmatism  against  the  rule,  right  eye;  No  comeal  astigma- 
tism, left  eye,  hitt  the  patient  accepts  a weak  cylinder  against  the 
rule;  Marked  asthenopia;  Relief  with  glasses. 

M.  M.,  aged  26,  in  only  fairly  good  health ; very  nervous.  Her 
eyes,  especially  the  right,  have  given  her  much  trouble  for  the  last 
four  years.  She  finds  it  almost  impossible  to  use  the  eyes  for  close 
work  of  any  kind.  Not  only  do  the  eyes  ache,  but  also  her  head,  and 
often  she  becomes  very  nervous  and  irritable.  Her  mother  died  of 
consumption,  but  her  father  is  still  living  and  in  good  health.  He 
wears  very  strong  sphero-eylinders,  while  two  brothers  and  a sister 
of  the  patient  also  wear  cylindrical  glasses. 

Ophthalmometer.  Astigmatism  against  the  rule,  3 D.,  axis  175°  -\- 
or  85  — , right  eye.  No  corneal  astigmatism  left  eye. 

Test  cards  and  trial  lenses. 


20 

20 

R. 

V. 

— — : 

— • 

W.  -f 

2.50  D. 

cyl., 

175°. 

200 

30 

20 

20 

L. 

V. 

= — : 

— 

- W.  + 

.25  D. 

cyl., 

15°. 

20 

15 

Reads  Jaeger  No.  1 from  6 to  14  inches. 

Ophthalmoscope.  M.  1 D.  at  90°  and  H.  2 D.  at  180°,  right  eye; 
H.  50  D.,  left  eye. 

On  account  of  a conjunctivitis  an  astringent  wash  was  ordered, 
and  after  one  week  a second  test  was  made.  The  ophthalmometer 
read  the  same  as  at  the  first  test. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = — : — W.  4-  2.50  D.  cyl.,  175°  — .50  D.  cyl.,  85°. 

200  20 
20  20 

L.  V.  = — : — W.  -|-  .25  D.  cyl.,  15°. 

20  15 

The  ophthalmoscopic  measurements  agreed  essentially  with  those  of 
the  first  examination. 

* For  discussion  of  the  relative  position  of  the  axes  of  cylindric  glasses,  see 
Claiborne,  New  YorTc  Med.  Journal,  June  25,  and  July  2,  1892;  Knapp,  Trans. 
Amer.  Opthal.  Soe.,  Vol.  VI,  p.  308,  1892;  and  Snellen,  Graefe’s  Arehiv  f.  Ophthal., 
Vol.  XVI  No.  2,  p.  200,  1869. 
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A third  test  was  made,  and  as  it  was  the  same  as  the  second,  the 
last  glass  was  ordered — a simple  cylinder  (+  .25  D.  cyl.,  15°)  for 
the  left  eye  and  a sphero-cylinder  ( — .50  D.  -j-  3 D.  cyl.,  175°)  right 
eye.  In  converting  the  cross-cylinder  into  a sphero-cylinder  a minus 
sphere  and  a plus  cylinder  was  ordered.  This  was  a comparatively 
light-weight  glass,  and  at  the  same  time  the  cylinder  corresponded 
with  the  cylinder  in  the  opposite  eye.  A plus  sphere  and  a minus 
cylinder  in  this  ease  is  not  to  be  thought  of,  because  the  combined 
lens  would  be  too  heavy,  and  the  cylinder  would  not  correspond  with 
the  cylinder  in  the  opposite  eye. 

In  this  ease  in  the  right  eye  the  patient  accepted  a correction  of 
all  the  (corneal)  astigmatism  indicated  by  the  ophthalmometer,  which 
means  that  there  probably  was  no  lenticular  astigmatism.  In  the 
left  eye  there  was  no  corneal  astigmatism,  but  the  patient  accepted 

o 0 

85  105 


Fig.  103. 

a weak  plus  cylinder  against  the  rule. 

It  took  the  patient  between  three  and  four  weeks  to  become  accus- 
tomed to  the  glasses,  but  after  that  time  she  wore  them  for  many 
months  with  comfort  and  relief  from  asthenopia.  At  times  she  is 
nervous,  but  is  much  relieved  in  this  respect. 

Mixed  astigmatism  against  the  rule  in  each  eye;  Spasm  of  accommo- 
dation; Marked  asthenopia ; Relief  with  glasses. 

J.  F.,  aged  28,  in  good  health,  came  on  account  of  headaches  and 
paips  in  the  eyes.  She  has  had  more  or  less  trouble  with  her  eyes 
since  childhood.  She  has  a well-marked  conjunctivitis. 

Ophthalmometer.  Astigmatism  against  the  rule,  3 D.,  axis  155°  -f- 
or  65°  — , right  eye;  2 D.,  axis  175°  -(-  or  85°  — , left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = — : — W.  + 1.50  D.  cyl.,  155°  — 1.50  D.  cyl.,  65°. 

100  50 


11122 


REFRACTION  AND  ACCOMMODATION 


20  20 

L V.  = — : — W.  + .75  D.  cyl.,  175°  — .50  D.  cyl.,  8o  . 
50  30 


Reads  Jaeger  No.  1 from  6 to  17  inches. 

Ophthalmoscope.  M.  1.50  D.  at  150°  and  11.  1.50  D.  at  60°  right 
eye;  M.  1 D.  at  180°  and  H 1 D.  at  90°  left  eye. 

During  the  test  (especially  with  the  left  eye)  the  patient  one  time 
accepted  a certain  glass,  then  refused  it.  Again,  the  vision  at  one 
moment  would  be  very  good;  the  next  moment  quite  poor.  Thus, 
spasm  of  accommodation  was  clearly  present.  Examination  of  the 
ocular  muscles  failed  to  show  any  insufficiencies.  There  was  a well- 
marked  conjunctivitis  and  this  was  treated  for  ten  da3’S,  after  which 
a second  test  was  made. 


65° 


R.  E 


90® 


Fig.  104. 


Second  test:  the  ophthalmometer  gave  the  same  reading  in  the 
right  eye  as  at  the  first  test;  and  the  same  amount  of  astigmatism  in 
the  left  eye  as  at  first,  but  with  the  axes  at  exactly  180°  and  90  . 
Test  cards  and  trial  lenses. 

20  20 

R V.  = — : — W.  -h  1.50  D.  cyl.,  155°  — 1.50  D.  cyl.,  65°. 

100  50 

20  20  , 

L.  V.  — W.  + 1.50  D.  cyl.,  180°  — .50  D.  cyl.,  90  . 

50  30 

Ophthalmoscope.  Showed  about  the  same  condition  as  at  the  first 

t6St. 

A third  test  was  given  which  agreed  with  the  second,  and  the  fol- 
lowing glasses  were  ordered: 

— 1.50  D.  + 3 D.  cyl.,  165°  right  eye ; 

— .50  D.  + 2 D.  cyl.,  180°  left  eye. 
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In  the  left  eye  this  was  a lighter  glass  than  a plus  sphere  with  a 
minus  cylinder ; *while  in  the  right  eye  it  made  no  difference. 

The  glasses  gave  great  satisfaction  for  four  years. 

Mixed  astigmatism  of  small  amount  against  the  rule  in  each  eye; 
Preshyopia;  Asthenopia;  Blepharitis;  Relief  with  glasses. 

H.  C.,  aged  48,  in  good  health,  has  been  troubled  with  his  eyes 
for  five  or  six  years  when  using  them  for  close  or  prolonged  work. 
The  eyelids  get  red,  also  if  he  persists  in  using  the  eyes  and,  at  times, 
headaches  follow. 

TO”  75° 


Fig.  105. 

Ophthalmxymeter.  Astigmatism  against  the  rule,  .50  D.,  axis  10° 
-t-  or  100°  — , right  eye;  .50  D.,  axis  165°  + or  75°  — , left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = — : — W.  + .50  D.  cyl.,  10°  — .25  D.  cyl.,  100°. 

50  20 

20  20 

L V.  = — : — W.  + .50  D.  cyl.,  165°  — .25  D.  cyl.,  75°. 

40  20 

Ophthalmoscope.  H.  50  D.  in  each  eye.  The  myopic  astigmatism 
was  too  small  to  estimate.  The  foci  indicated  by  the  two  chief  me- 
ridians, estimated  from  the  accepted  glasses,  can  be  seen  in  Fig.  105. 

Two  days  later  a second  test  was  made,  which  corresponded  in 
every  particular  with  the  first.  It  will  be  noticed  that  the  negative 
portion  of  the  glasses  accepted  by  the  patient  is  of  small  amount, 
only  .25  D.  In  the  record  of  the  case  is  the  following  note:  “The 
— .25  D.  cyl.  when  added  to  the  + .50  D.  cyl.  increases  the  vision 
20  20 

from to  — .“  Usually  a .25  D.  cylindrical  glass  does  not  im- 

30  20 
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prove  vision  so  much,  but  in  this  case  the  astigmatism  was  against 
the  rule  and  at  an  off  axis,  which  may  account  for  its  marked  effect 
in  the  improvement  of  vision. 

The  patient  would  not  wear  glasses  for  the  distance,  though  they 
improved  the  vision  very  much.  Incidentally  it  may  be  remarked 
here,  that  many,  even  intelligent,  people  are  content  with  poor  dis-' 
tant  vision,  and  will  not  wear  glasses  at  all,  except  for  near  work. 
Some,  because  they  do  not  wish  to  be  bothered  with  two  pairs  of 
glasses ; some  because  of  vanity,  some  for  both  reasons. 

On  account  of  his  presbyopia  (at  48  years  of  age)  it  was  neces- 
sary to  give  this  patient  reading  glasses.  He  was  allowed  ■4'  1.75  D. 
for  his  presbyopia.  After  having  converted  his  distance  cross-cylin- 
ders into  sphero-cylinders,  — .25  D.  -f  .75  D.  cyl.,  10°,  right  eye,  and 
— 25.  D.  -f-  .75  D.  cyl.,  165°,  left  eye,  it  was  an  easy  matter  alge- 
braically to  add  the  + D.  sphere  to  them  which  would  give 

-f  1.50  D.  -(-  .75  D.  cyl.,  10°  right  eye,  -f-  1.50  D.  -|-  .75  D.  cyl.,  165° 
left  eye. 

The  glasses  were  ordered,  and  were  worn  with  satisfaction  for  five 
years  and  without  change. 

This  case  naturally  brings  up  the  question  of  transposition  of 
formulae  in  mixed  astigmatism  made  necessary  by  presbyopia.  The 
procedure  is  easy  if  the  cros.s-cylinders  are  first  converted  into  sphero- 
cylinders,  as  in  the  last  ease,  then  the  presbyopic  value  added.  Since 
this  method  of  transposition  has  already  been  explained  at  length 
while  considering  myopia  and  myopic  astigmatism,  we  shall  not 
again  consider  the  subject  except  to  give  one  or  two  examples. 

In  the  last  case  the  change  in  the  glasses  made  necessary  by  the 
presence  of  the  1.75  D.  of  presbyopia  is  made  quite  plain  by  a 
glance  at  Fig,  105.  Here  (right  eye)  the  meridian  at  100°  is  hyper- 
metropic by  .50  D.,  and  the  indicated  focus  is  .50  D.  back  of  the 
retina  (-j-  .50  D.  added  to  -f  1.75  D.  = + 2.25  D.)  ; while  the  me- 
ridian at  10°  is  myopic  by  .25  D.  with  the  focus  to  that  extent  in 
front  of  the  retina,  and  the  presbyopia  of  1.75  D.,  for  reading  dis- 
tance, would  place  the  focus  in  this  meridian  but  1.50  D.  back  of 
the  retina  ( — .25  D.  added  to  1.75  D.  = -f"  1-^0  D.),  that  is, 
the  myopia  of  .25  D.  neutralizes  that  amount  (.25  D.)  of  the 
presb3mpia.  It  is  quite  evident,  for  reading  purposes,  that  the  re- 
fraction of  the  ej'e  has  been  converted  into  a compound  hypermetro- 
pic astigmatism,  the  meridian  at  100°  being  2.25  D.  presbyopic,  and 
that  at  10°,  1.50  D.  To  correct  this  error  a + 1-50  D.  sphere,  com- 
bined with  -75  D.  cyl.,  10°,  is  necessar3^  Like  changes  took  place 
in  the  left  eye,  as  will  be  seen  by  looking  at  Figs.  105  and  106. 

The  amblyopia  in  most  cases  of  mixed  astigmatism  is  the  one  great 
difficulty  for  many  observers,  and  generally  induces  them  to  use  a 
cyeloplegic  whether  there  are  any  other  indications  for  its  employ- 
ment or  not.  In  regard  to  amblj’-opia,  a certain  amount  of  it  is  to 
be  looked  for  in  most  high  degrees  of  astigmatism;  consequently,  we 
should  not  expect  to  bring  vision  up  to  normal  in  all  cases.  If  the 
patient  accepts  the  same  glasses  on  two  or  three  successive  tests,  and 
they  correspond  with  the  objective  tests,  we  may  give  the  glasses 
without  hesitation. 
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In  order, to  make  doubly  sure  that  we  are  not  giving  too  weak 
plus  or  too  strong  minus  cylinders  in  these  cases,  after  we  have 
tested  each  eye  separately,  we  put  the  glasses  on  as  accepted  and 
imcover  both  eyes.  With  both  eyes  uncovered  we  increase  the  plus 
cylinder,  .25  D.  to  see  if  the  vision  can  be  improved  by  the  change, 
and  we  also  diminish  the  minus  cylinders  .25  D.  to  find  if  vision  can 
in  the  same  way  be  improved,  or  if  the  patient  reads  as  well  with  the 
weaker  cylinder. 

Another  point  to  be  insisted  upon  is  that  the  test  should  be  con- 
ducted methodically  and  quickly,  and  the  patient  kept  not  more  than 
thirty  minutes  for  any  one  test.  Better  to  have  the  patient  return 
two,  three,  or  four  times  if  necessary,  than  to  worry  him  for  an  hour 


75° 


100° 


L.  E. 


R.  E. 


Fig.  106.  Showing  the  Effect  of  a Presbyopia  of  1.75  D.  on  the  Near-point  in 
the  Case  just  reported.  See  Pig.  105  for  the  distance  focus. 

or  two  at  a time  in  a vain  attempt  to  get  perfect  vision.  Because, 
first,  as  stated  above,  many  times  perfect  vision  is  not  to  be  had, 
whatever  means  are  employed  to  develop  it ; second,  if  the  test  is  very 
prolonged  the  patient  grows  tired  and  becomes  confused  in  his  re- 
plies, spasm  of  accommodation  is  incited,  and  the  observer  himself 
becomes  discouraged.  If  after  two  tests,  of  not  more  than  thirty 
minutes  duration,  the  results  do  not  approximately  agree,  and  there 
is  a tendency  to,  or  an  actual,  spasm  of  accommodation,  we  should 
order  a cycloplegic  and  work  out  the  case  with  the  retinoscope. 

In  all  of  these  cases  the  routine  method,  so  often  referred  to  should 
be  followed — to  begin  the  test  with  weak  plus  lenses  and  gradually 
increase  their  strength  until  vision  begins  to  be  made  worse,  and 
then  to  try  minus  cylinders  at  right  angles  to  the  convex  glass  as 
long  as  they  improve  vision. 
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Mixed  astigmatism,  right  eye;  Compound  myopic  astigmatism,  leftf. 

M.  J.,  aged  45,  eyes  give  trouble  for  near  work ; sees  specks  in  front 

astigmatism  with  the  rule  6.50  D,  axis  90°  + 
180 , right  eye;  astigmatism  with  the  rule,  o.  u.,  axis  iuo  -f- 

or  15  — , left  eye. 

Test  cards  and  trial  lenses. 


10  20 

R.  V.  ==  — : — with 
200  80 


4 D.  ==  4-  6 D.  cyl.,  90' 


20  20  , 

L V.  = — : — with  — 2.50  D.  = — 3 D.  cyl.,  15  . 

200  70 

Reads  Jaeger  No.  1 at  10  inches.  . ^ , ono  • 

Ophthalmoscope  shows  M.  4 D.  at  90°,  and  H.  2 D.  180  , right 

eye;  myopia  3 D.  at  90,  and  1.50  D.  at  180,  left  eye.  Posterior  sta- 
phyloma each  fundus,  extending  in  a narrow  strip  almost  to  the 

macula  and  simulating  a coloboma.  Choroidal  changes^  at  each  nia- 
cula,  were  marked  in  left.  Under  homatropm  the  patient  accepted 
_ 4 D ^ 6 D.  cyl.,  90°,  right  eye;  — 1.50  D.  = — 3 cyl.,  lo  , 

left  6y6. 

The  ophthalmoscope  and  retinoscope  confirmed  the  subjective  test, 
and  these  glasses  were  ordered  accordingly.  For  near  work: 

_ 3 D.  = + 6 D.  cyl.,  90°,  R. ; 

—.50  D.  3D.  cyl.,  15,  L.  • u 

A year  later,  came  again,  as  there  was  some  difficulty  in  near  work. 
Takes  same  distance  glasses,  but  ordered  for  reading: 

4-  6 cyl.,  90°,  right  eye; 

— 1.50  D.  = + 1.50  D.  cyl.,  105°,  left  eye. 

Mixed  astigmatism  against  the  rule,  right  eye;  Mixedi  astigmatisni 
with  the  rule,  left  'eye;  Intense  pain  in  hade  of  head  most  of  the 
time;  greatly  improved  ivith  glasses.  _ 

H A.'R.,  aged  44,  has  had  a dull  pain  on  the  right  side  and  in 
the  back  of  his  head  for  two  years  past.  This  pain  is  intense  at  times 
and  is  never  absent.  General  health  fair,  no  history  of  syphilis. 
Wife  has  given  birth  to  three  healthy  children,  and  there  has  been  no 
miscarriages.  Until  lately  the  left  ear  discharged  on  and  off  since  he 
was  a child.  Patient  wears:  Right,  .50  D.  + 1-25  cyl.  180°;  Left, 

^^phthalmomeler:  astigmatism  against  the  rule,  .75  D.^axis  1S0°  + 
90°,  right  eye;  astigmatism  with  the  rule,  1.25  D.  axis  90°  -f-  180°  , 

left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  h : — W.  — .50  D.  C H-  1-25  cyl.  180°. 

50  20 
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20  20 

L.  V.  = f-  : — W.  — .25  D.  C + 1 eyl.  90°. 

30  20 

Patient  reads  Jaeger  No.  1,  8 to  20  inches  with  -|-  .75  D.  added. 
Muscles  = ad.  17°,  ab.  6°  sur.  R.  & L = 2°. 

Ophthalmoscope:  H.  .50  D.  at  90°  and  M.  .50  D.  at  180°,  right  eye; 
Em.  at  90°  and  H.  .75  D.  at  180°,  left  eye. 

Because  of  the  mixed  astigmatism  against  the  rule  in  one  eye  and 
with  the  rule  in  the  other,  a cycloplegic  was  used,  although  the  pa- 
tient was  presbyopic. 

Ophthalmatneter : astigmatism  against  the  rule,  1 D.,  axis  5°  + or 
95°  — , right  eye;  astigmatism  with  the  rule,  1.50  D.,  axis  90°  -j-  or 


180°  — , left.  With  test  lenses: 

20 

20 

R.  V.  = — 

: h W.  — 

.75  D. 

= + 1.75  D.  cyl.  5°. 

70 

20 

20 

20 

L.  V.  = — -f 

: h W.  — 

.37  D. 

= + 1.37  D.  cyl.  90° 

40 

20 

The  ophthalmoscope  and  the  retinoscope  confirmed  the  above  find- 
ings. A -f-  .75  D.  sphere  was  added  as  a bifocal  and  the  glasses 
were  ordered.  They  have  been  worn  with  comfort  for  five  years,  and 
with  almost  complete  relief  of  pain  in  the  head.  When  last  examined 
the  distance  glasses  were  not  changed  but  -f-  1.75  D.  was  added  as  a 
bifocal. 

Mixed  astigmatism  with  large  amount  of  anterior  lenticular  astig- 
matism (1  D.)  right;  Compound  hypermetropic  astigmatism,  left 

eye. 

E.  C.,  aged  21,  complains  of  headaches  and  of  burning  in  the  eyes. 

Ophthalmometer : astigmatism  with  the  rule,  3 D.,  axis  95°  -f-  or 
5°  — , right  eye;  astigmatism  with  the  rule,  1 D.,  axis  90° 

100°  — , left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = — : — with  — 1.25  D.  = -f  2.50  D.  cyl.,  95°. 

200  70 

20  20 

L.  V.  = — : 1-  with  -f  .50  D.  ==  + .37  D.  cyl.,  105°. 

15  15 

Ad.  7°,  ab.,  2°,  sur.  R.  & L.  1°. 

Ophthalmoscope  shows  M.  1.50  D.  at  90°,  and  H.  1 D.  at  180°, 
right  eye;  Em.  at  90°,  and  H.  .50  D.  at  180°,  left  eye. 

Ordered,  after  the  usual  tests,  — 1.25  D.  = -f-  2.50  cyl.,  95° ; -[-  .50 
D.  ==  4-  .37  cyl.,  105°. 

Returned  eight  years  later  complaining  of  headaches. 


11128 


REFRACTION  AND  ACCOMMODATION 


Ophthahnometer : astigmatism  with  the  rule,  3 D.,  axis  95°  + or 
5 — , right  eye;  astigmatism  with  the  rule,  .25  D.,  axis  105°  + or 
15  — , left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = — : — W.  + 5 cyl.,  95  = — 1.50  D.  • ' 

200  40 

20  20 

L.  V.  = — : — W.  + 75. 

20  15 

Homonymous  horizontal  diplopia  Avith  red  glass,  which  requires  2° 
prism,  base  out,  to  correct.  Under  homatropin:  Ophthahnometer; 
in  right  eye  corneal  astigmatism  Avith  the  rule,  3D.,  axis  95°  + or 
5°  — , lenticular  astigmatism  with  the  rule,  ant.  surface,  .75  D.,  95° 

-f-  or  5°  — ; post,  surface,  negative.  In  the  left  corneal  astigmatism 
with  the  rule,  25  D.,  105°  -f-  or  15°  — , lenticular  astigmatism  with 
the  rule,  ant.  surface,  negative,  lenticular  astigmatism  against  the  ; 
rule,  post,  surface,  25  D.,  15°  + or  105°  — . ' 

20  20 

R.  V.  ==  — : — W.  + 4 D.  cyl.,  95°  C — 1 D- 

200  40  ; 

20  20 

L.  V.  ==  — : — W.  + 75.  ' 

30  15  ! 

Retinoscopy  confirmed  the  sub.iective  test  and  the  above  glasses  j 
Avere  ordered. 


CHAPTIiR  XV.  i 

i 

ASTIGMATISM  AFTER  CATARACT  EXTR.VCTION.  EFFECTS  OP  THE  TILTING  j 
AND  DISPLACEMENT  OF  STRONG  LENSES.  ILLUSTRATIVE  CASES. 

As  might  he  supposed,  the  aphakic  or  lensless  eye,  in  which  for  re- 
fraction purposes  only  the  corneal  astigmatism  has  to  be  considered, 
is  the  ideal  eye  for  the  use  of  the  ophthalmometer.  Nevertheless,  the 
nodal  point  is  moved  forward  by  the  removal  of  the  crystalline  lens ; 
hence  the  cylinder  being  combined,  almost  Avithout  exception,  with 
a strong  spherical  glass  (which  must  be  Avorn  one-half  inch  in  front 
of  the  eye)  the  strength  of  the  glass  necessary  for  the  correction  of 
the  astigmatism  is  rarely  ever  as  great  as  that  indicated  by  the  oph- 
thalmometer, even  though  the  a.stigmatism  is  against  the  rule.  The 
same  law  for  reduction  in  strength  holds  in  regard  to  prescribing 
spherical  glasses  after  cataract  extraction.  For  example,  suppose 
the  total  amount  of  hypermetropiia  in  an  eye  after  cataract  extrac- 
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tion  is  11  D.  Now,  since  there  is  no  crystalline  lens  in  such  an  eye, 
it  might  be  expected  tliat  it  would  require  a + 11  D.  lens  to  correct 
the  error,  and,  as  a matter  of  fact,  it  would,  could  the  glass  be  worn 
in  contact  with  the  cornea.  But  since  the  ordinary  wearing  distance 
of  a glass  from  the  eye  is  12  to  14  mm.,  or  about  one-half  inch  from 
the  corneal  surface  this  interval  perceptibly  increases  the  strength  of 
strong  convex  glasses;  consequently  a reduction  in  strength  must  be 
made.  In  the  present  supposed  example  of  11.  D.  hypermetropia,  in- 
stead of  the  -j-  11  D.  required  to  correct  it,  a much  weaker  glass,  when 
placed  at  the  usual  one-half  inch  wearing  distance  in  front  of  the 
eye,  vdll  suffice.  To  be  exact,  it  would  require  a glass  of  only  3^2  in. 
(the  equivalent  in  inches  of  11  D.)  plus  I/2  in.  (the  I/2  inch  being 
the  distance  in  front  of  the  eye  that  the  glass  is  worn),  which  equals 
a four  inch  focus  glass ; and  a four  inch  focus  equals  10  D.,  by  which 
it  is  seen  that  one  whole  diopter  should  be  deducted  from  the  for- 
mula of  the  lens  to  be  ordered  for  constant  wear. 

This  increase  of  the  power  of  a convex  glass  on  account  of  its  posi- 
tion in  front  of  the  eyes,  obtains  in  all  other  instances  as  well  as  in 
aphakia,  but  the  glasses  in  the  former  category  are  usually  so  weak 
that  the  slight  displacement  (one-half  inch)  does  not  make  much 
difference  in  their  refractive  effect.  There  are,  of  course,  exceptional 
cases  where  it  does,  but  they  are  rare.  In  cataract  cases  the  glasses 
must  be  very  strong,  unless  the  eye  was  strongly  myopic  before  opera- 
tion. 

Let  us  consider  another  example  where  the  patient  is  hyperme- 
tropic 5 D.  before  the  operation,  and  after  the  operation  has  a hyper- 
metropia of  16  D.  It  is  evident  that  if  a plus  16  D.  (21/2  in.  focus) 
could  be  worn  in  contact  with  the  cornea  it  would  correct  the  16  D. 
of  hypermetropia;  but,  as  it  must  be  worn  one-half  inch  in  front  of 
tlie  eye,  it  must  be  reduced  in  strength.  That  is,  it  would  require 
a glass  of  2l^  -f*  V2y  or  3 in.  focus,  which  equals  only  13  D.,  a de- 
crease in  strength  of  three  diopters. 

The  discrepancy  in  the  reading  of  the  ophthalmometer  and  the 
cylindrical  glass  actually  accepted  by  the  patient  after  cataract  ex- 
traction is  not  because  of  an  error  in  the  reading  of  the  instrument, 
but  is  also  to  be  ascribed  chiefly  to  the  reduction  in  strength  that 
has  to  be  made  in  strong  cylinders  on  account  of  the  one-half  inch 
distance  at  which  they  must  be  worn  in  front  of  the  eye,  especially 
so  when  combined  with  strong  .spherical  glasses.  For  example,  if  we 
have  an  astigmatism  of  3 D.,  meridian  180°,  and  hypermetropia  of 
10  D.,  the  correcting  lens  in  the  vertical  meridian  would  be  13  D., 
and  the  horizontal  meridian  10  D.,  if  they  could  be  worn  in  contact 
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with  the  eye.  But  they  are  one-half  inch  in  front  of  the  eye,  there- 
fore 13  D.  = 3 in.  in.  (in  front  of  the  eye)  = 31/2  in.  or  11  D. 

for  the  vertical  meridian.  For  the  horizontal  meridian,  10  D.  — 4 
in.,  -|-  14  ill-  = ^V2  ill-  = 9 D.  The  difference  between  11  D.  and  9 
D.,  the  glasses  which  it  respectively  requires  to  correct  the  vertical 
and  horizontal  meridians,  on  account  of  their  position  in  front  of  the 
eye,  is  only  2 D.,  and,  therefore,  it  would  take  but  2 D.  cjd.  to  correct 
the  3 D.  of  corneal  astigmatism.  Again,  take  6 D.  of  astigmatism, 
180°  -f-,  with  10  D.  of  H.  The  vertical  meridian  would  require 
16  D.  (21/2  in.)  to  correct  it,  if  worn  in  contact  with  the  eye;  2^2  in- 
1/2  in.  ■-=  3 in.  = 13  D.,  which  glass  the  eye  really  accepts.  The 
horizontal  meridian  would  take  10  D.  (4  in.)  ; 4 + % = ^V2  in-  ==  9 
D.  Now,  13  D.  — 9 D.  = 4 D.,  the  cylinder,  axis  180°,  it  takes  to 
correct  the  6 D.  of  corneal  astigmatism. 

Carl  Weiland  {Archives  of  Ophthalm.,  Jan.,  1893)  has  this  to 
say:  “Cases  of  aphakia  are,  therefore,  the  ideal  field  for  keratome- 
try,  but  owing  to  the  high  spheres  usually  necessary,  there  is  a great  i 
difference  between  the  correcting  cylinder  at  14  mm.  from  the  eye  i 
and  that  in  contact  with  the  cornea,  which  latter,  as  we  know,  is 
given  by  Javal’s  instrument.  The  folloing  table  shows  this  at  a 
glance,  assuming  that  the  spherical  correction  is  -f-  10  D.  for  far, 
and  -|-  14  D.  for  reading. 


As.  as 
shown 

hy 

ophthal- 

mometer 

Spherical 

correc- 

tion 

Full  correction 
for  distance 

As.  as 
shown 
by  the 
ophthal- 
mometer 

Spherical 

correc- 

tion 

Full  correction 
for  reading 

+ 1 

-f  10 

+ 10—  .75cyl. 

+ 1 

+ 14 

+ 14  — .66  cyl. 

— 1 

-f  10 

+ 10+  .73cyl. 

— 1 

+ 14 

+ 14  + .65  cyl. 

0 

+ 10 

-f-  10  + 1-4-5  cyl. 

— 2 

+ 14 

+ 14  + 1.25  cyl. 

+ 2 

+ 10 

+ 10  — 1.50  cyl. 

+ 2 

+ 14 

+ 14  — 1.3  cyl. 

— 3 

+ 10 

+ 10  + 2.1  cyl. 

— 3 

+ 14 

+ 14  + 1.8  cyl. 

— 4 

+ 10 

+ 10  + 2.8  cyl. 

— 4 

+ 14 

+ 14  + 2.5  cyl. 

— 5 

+ 10 

+ 10  + 3.50  cyl. 

— 5 

+ 14 

+ 14  + 3.18  cyl. 

— 6 

+ 10 

+ 10  + 4.1  cyl. 

— 6 

+ 14 

+ 14  + 3.66  cyl. 

“This  shows  conclusively  the  necessity  of  correcting  in  aphakia 
the  keratomically  determined  cylinder  for  its  position  and  for  the 
coexisting  axial  condition,  for  even  with  a + 1 D.  it  amounts  to  .25 
D.  and  more,  while  for  an  astigmatism  of  6 D.  against  the  rule,  it 
amounts  to  almost  2.50  D.  At  the  same  time,  we  observe  that  in  the 
same  individual  the  cylinder  may  have  to  be  reduced  perceptibly  for 
reading.  We  also  find  that  the  numbers  obtained  by  the  keratometer 
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are  always  too  high,  no  matter  whether  the  astigmatism  is  with  or 
against  the  rule.” 

Welland’s  position  is  correct  as  a rule,  but  we  have  more  than  once 
seen  the  patient  accept  exactly  what  the  instrument  indicated,  and 
even  more. 

There  is  another  source  of  error  in  high  degrees  of  astigmatism — 
G D.  and  over,  and  that  is  spherical  aberration. 

Thomas  Reid  (Annals  of  Ophtliahn.,  p.  456,  July,  1897)  calls  at- 
tention to  this  point.  He  says:  “With  Javal’s  instrument  with  an 
image  of  3 mm.,  and  with  the  portable  ophthalmometer  (Reid’s) 
with  an  image  of  2 mm.,  it  is  clear  that  from  the  spherical  aberra- 
tion the  absolute  size  of  the  radius  cannot  be  determined  without 
reduction,  as  Leroy  has  done.  Hence  the  necessity  in  these  instru- 
ments of  being  adjusted  to  a spherical  surface  of  known  curvature, 
which  at  most  expresses  approximately  the  average  curvature  of 
the  cornea.  The  results  obtained  by  these  instruments  thus  adjusted, 
although  not  theoretically  perfect,  will  give  the  relative  difference  in 
degrees  of  corneal  astigmatism  not  greater  than  5 D.  with  sufficient 
accuracy  for  practical  purposes.” 

In  regard  to  the  limit  of  the  measuring  power  of  the  Javal-Schiotz 
ophthalmometer,  especially  its  capacity  to  determine  the  relative  dif- 
ference of  the  refractive  power  of  the  two  prinicpal  meridians,  even 
in  verj’-  high  degrees  of  astigmatism,  the  same  restriction  does  not 
hold  good  in  the  Javal-Sehibtz  instrument  as  in  Reid’s,  and  for  the 
following  reason : In  both  instruments  the  size  of  the  image  remains 
constant  (3  mm.  in  Javal’s  and  2 mm.  in  Reid’s),  but  the  size  of  the 
object  varies. 

In  Reid’s  instrument,  the  object  measured  is  through  an  iris  dia- 
phragm, which  can  be  made  to  vary  in  size.  Now,  “In  this  instru- 
ment, if  we  take  the  extremes  of  the  index,  0 = 12  mm.  and  0 = 16 
mm.,  we  find  the  corresponding  diopters  are  38.9  D.  and  51.84  H.” 
The  difference  between  these  two  amounts,  51.84  — 38.9  ecpials 
12.94,  or  about  13  D.,  the  amount  of  the  astigmatism  (with  the  prism 
giving  an  image  of  2 mm.)  the  instrument  is  capable  of  measuring. 

In  Javal’s  instrument,  the  object  is  the  distance  between  the  inner 
edge  of  the  mires.  When  both  of  these  mires  move  at  once,  as  in  the 
in.strument  with  the  double  movable  mires,  the  size  of  the  object  can 
be  made  to  change  from  10  cm.  (100  mm.)  to  40  cm.  (400  mm.), 
the  corresponding  diopters  to  these  numbers  equal  20  D,  and  80  D., 
respectively;  and  the  difference  between  80  D.  and  20  D.  equals  60 
D.,  the  amount  of  a.stigmatism  the  instrument  is  capable  of  measur- 
ing. Of  course  it  could  .show  such  a great  difference  in  only  a rela- 
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tive  way,  because  the  spherical  aberration  would  be  so  great  in  such 
a case  that  the  measurement  would  not  be  accurate,  but  only  approxi- 
mate. 


As  for  the  astigmatism  we  meet  with  after  cataract  extraction, 
while  it  is  very  great  in  some  cases  shortly  after  the  extraction  (two 
to  three  weeks),  amounting  in  rare  instances  to  as  much  as  22  D., 
this,  as  a rule,  rapidly  diminishes,  until  within  six  weeks  to  two 
months  it  rarely  amounts  to  more  than  5 or  6 D.,  although  in  one 
case  after  extraction  we  have  seen  12  D.  of  astigmatism  remain  per- 
manently. So  here,  again,  the  ophthalmometer  is  within  its  range 
of  practical  and  accurate  work. 

In  a series  of  fifty  cases  E.  0.  Pfingst  {Arch,  of  OpWml.,  Vol. 
XXV,  pp.  333-334,  1896)  found  that  the  astigmatism,  two  weeks 
after  operation,  ranged  from  1.75  D.  with  the  rule  to  22  D.  against  , 
the  rule ; that  this  rapidly  decreased  for  the  next  two  to  four  weeks, 
then  gradually  diminished  in  amount  for  six  months,  after  which* 
he  found  no  further  change.  Our  own  experience  is  similar  to  that 

of  Pfingst  and  others  who  have  made  investigations  in  this  class  of 
cases. 


Complicated  cases  of  cataract  extraction  are  the  ones  that  give  rise 
to  the  largest  amounts  of  astigmatism,  incarceration  of  the  iris  in 
the  whole  length  of  the  wound  exerting  the  greatest  influence  on  the 
shape  of  the  cornea.  Pfingst ’s  cas6  of  22  D.  occurred  in  a woman 
who  fell  from  a stool  at  the  end  of  the  first  week  after  the  operation, 
and  burst  open  the  operative  wound.  In  healing  by  second  inten- 
tion a grooved  scar  of  the  cornea  remained  v^hich  caused  this  • 
very  large  amount  of  astigmatism. 

In  his  series  of  fifty  eases,  Pfingst  states  that  no  patient  accepted  i 
more  than  6 D.  cylinder,  although  one  case  had  as  much  as  22  D. 
astigmatism  shortly  after  the  operation.  In  the  case  of  22  D.  of  ‘ 
astigmatism  against  the  rule  observed  by  the  writer,  the  patient 
would  not  accept  more  than  8 D.  cylinder  at  the  first  test,  and,  after- 
ward, when  the  astigmatism  had  been  reduced  to  5 D.,  the  patient 
accepted  4 D.  cylinder,  in  conjunction  with  the  sphere  for  clistance, 
and  3.50  D.  cylinder  with  the  sphere  for  reading. 


We  have,  however,  seen  one  case  where  the  patient  accepted  16  D. 
cylinder  twenty-seven  days  after  the  operation.  It  was  a case  where 
incarceration  of  the  iris  in  the  whole  length  of  the  wound  had  taken 
place;  and  still  another  case,  in  which  11.50  D.  cylinder,  combined 
with  4 D.  sphere,  was  accepted  for  constant  wear  and  with  comfort. 
In  the  latter  case,  the  wound  reopened  twice  during  the  liealing;. 
piocess,  and  left  a corneal  furrow.  Botli  these  cases  are  reported  in 
full  farther  on  in  this  section. 


i 
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All  important  feature  of  tlie  refraction  in  cataract  operation  is 
the  change  in  the  meridian  of  the  astigmatism.  We  have  found  it 
to  vary  from  five  to  thirty  degi'ees  in  the  first  six  weeks.  This  is  ac- 
counted for  by  the  healing  process  in  the  wound,  the  contraction  of 
the  scar,  and,  perhaps,  to  some  extent,  from  the  pressure  of  the  lids 
during  the  healing.  The  meridians  of  the  astigmatism  finally  became 
permanently  placed,  just  as  did  the  amount  of  the  astigmatism. 
Because  of  the  variations  in  the  amount  of  the  astigmatism  and  its 
meridians  only  temporary  glasses  should  be  given  until  the  end  of 
the  second  month  after  the  operation,  ancf  it  is  safer  to  wait  for  five 
or  six  months  before  giving  permanent  glasses. 

The  correct  adjustment  of  lenses  after  cataract  extraction,  espe- 
cially where  both  eyes  have  been  operated  upon,  is  a most  important 
matter.  The  adjustment  for  the  distance  or  street  glasses  is  quite 
different  from  that  for  near  or  reading  glasses.  While  the  distance 
glasses  should  not  only  be  properly  centered  and  should  rest  almost 
in  the  vertical  plane,  being  very  slightly  tilted  forward  at  the  top 
to  overcome  spherical  aberration,  or  a small  amount  of  astigmatism 
(if  present),  reading  glasses  are  to  be  decentered  toward  the  nose, 
and  should  be  worn  at  a lower  plane  or  level  than  the  distance 
glasses,  in  order  to  allow  the  patient  to  look  through  their  centres. 
If  this  latter  adjustment  is  not  made  the  near  glasses  act  as  prisms, 
bases  out,  and  cause  diplopia  for  the  near  point  in  the  horizontal 
plane ; and,  if  not  worn  at  a lower  level  than  the  distance  glasses,  act 
as  prisms,  'bases  up,  causing  diplopia  in  the  vertical  plane  the 
combined  action  giving  a crossed  vertical  diplopia. 

Holden  {Archives  of  Ophthalm.,  Jan.,  Vol.  XX,  pp.  1-25,  1891) 
has  given  a working  formula  for  the  decentering  of  lenses,  as  fol- 
PX9 

lows:  M = , in  which  M is  the  number  of  mdlimeters  ot 

D 

decentering  that  is  required  to  give  a lens,  D,  of  a certain  power, 
to  get  the  effect  of  a prism,  P,  of  a certain  number  of  degrees.  As  he 
says,  “For  the  effect  of  any  prism,  multiply  8.7  mm.  (practically  9) 
by  the  number  of  that  prism,  and  for  any  lens  divide  this  product 
by  the  number  of  diopters  of  the  lens.” 

For  example,  we  have  a lens  of  6 D.  in  each  eye  which  we 
wish  to  decenter  inwards,  so  as  to  act  as  prisms  of  2°,  bases  in, 

2X9  . • ^ . 

^ = 3^  the  number  of  mm.  of  decentration  required  to 

6 

give  such  a lens  (6  D.)  so  as  to  act  as  a 2°  prism.  No  displacement 
should  be  more  than  7 mm.  in  each  eye. 
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The  practice  of  putting  a distance  glass  in  one  eye-hole  of  a re- 
versible spectacle  frame  and  the  reading  glass  in  the  other  where 
. but  one  eye  has  been  operated  upon,  and  causing  the  patient  to  re- 
verse the  frames  when  he  wishes  to  change  from  distant  to  near 
vision,  is  an  exceedingly  'bad  one.  With  such  frames  it  is  impossible 
to  give  the  correct  adjustment,  even  with  those  that  are  reversed  by 
turning  on  a vertical  axis. 

Spherical  and  chromatic  aberration  are  other  troublesome  fea- 
tures inherent  in  the  strong  glasses  necessary  after  cataract  extrac- 
tion, and  must  not  be  lost  sight  of.  We  wish  to  speak  especially 
of  spherical  or  monochromatic  aberration,  as  it  is  sometimes  called. 
See  p.  23,  Vol.  I of  this  Encyclopedia. 

William  Harkness  has  shown  that  “with  a pupil  four  mm.  in 
diameter  the  nonnal  cornea  produces  monochromatic  aberration  to 
1 

the  extent  of  — (1.2  D.)  ; and  as  there  is  no  confusion  of  images  | 
33  ' 

in  the  normal  eye,  it  seems  probable  that  the  crystalline  lens  exerts 
some  compensating  action.  This  suspicion  is  strengthened  by  the  : 
well-known  fact  that  in  aphakia  the  acuteness  of  vision  is  nearly  al- 
ways improved  by  giving  a certain  inclination  to  the  powerful  con- 
vex glas.ses  which  are  necessary.” 

But  the  tilting  of  the  stix)ng  convex  glasses,  necessary  in  cataract 
cases,  serves  not  only  to  overcome  spherical  a1)erration  but  also  for 
correcting  a part  or  the  whole  of  the  astigmatism  usually  present 
after  cataract  extraction.  Since  this  astigmatism  is  generally  against  j 
the  rule,  that  is,  the  vertical  meridian,  or  one  near  it,  is  made  flat-  j 
ter  by  the  contraction  of  the  scar,  it  can  easily  be  corrected  by  ro- 
tating the  strong  spherical  glass  on  its  horizontal  axis,  or  one  near 
to  it,  the  rotation  being  greater  or  less  according  to  the  astigmatism 
to  be  corrected. 

John  Green  {Trans.  Am.  Ophthal.  Soc.,  Vol.  V,  pp.  690-717,  1888- 
90)  gives  a table  (see  below)  showing  the  effect  a certain  number  of 
degrees  of  tilting  produces  in  various  lenses.  He  says : ‘ ‘ Every 

spherical  lens  is  increased  in  power  [by  tipping]  in  all  its  meridians; 
the  rate  of  increase  and  the  actual  increase  being  greatest  in  the 
vertical  and  the  least  in  the  horizontal  meridian.  A spherical  lens 
is,  therefore,  also  rendered  astigmatic,  and  the  excess  of  increase  in 
power  in  the  vertical  meridian  over  that  in  the  horizontal,  for  any 
given  inclination,  is  the  measure  of  the  astigmatism. 

“Every  convex  or  concave  toric  or  sphero-cylindrical  lens  is  in- 
creased in  power  in  all  its  meridians.  When  the  two  principal  me- 


REFRACTION  AND  ACCOMMODATION 


11135 


ridiaiis  of  the  lens  lie  in  the  vertical  and  in  the  horizontal  plane, 
respectively,  the  rate  of  increase  in  power  is  greatest  in  the  vertical 
and  least  in  the  horizontal  meridian ; and  when  the  power  of  the 
untipped  lens  is  greatest  in  the  vertical  meridian  the  actual  increase 
is  also  greatest  in  the  vertical  meridian,  and  the  astigmatism  is  also 
increased.  When,  on  the  other  hand,  the  power  of  the  untipped 
lens  is  greatest  in  the  horizontal  meridian,  the  astigmatism  of  the 
lens  is  at  first  diminished,  and  since  the  possible  increase  in  power 
in  the  horizontal  meridian  is  limited,  there  is  always  some  value  (of 
the  angle  of  tipping  or  inclination)  at  which  the  astigmatism  of 
the  lens  is  reduced  to  zero,  and  beyond  which  the  direction  of  the 
meridians  of  greatest  and  least  refraction  is  reversed. 

“In  the  ease  of  a tipped  piano-cylindrical  (or  other  equivalent) 
lens,  the  greatest  increase  in  power  is  in  the  meridian  of  the  axis 
remaining  at  zero,  the  rate  of  increase,  and  also  the  actual  increase 
in  power,  is  greatest  when  the  axis  of  the  untipped  lens  is  horizon- 
tal, and  is  least  when  the  axis  of  the  untipped  lens  is  vertical.” 

The  following  table  shows  the  relative  increase  in  power  of  a lens 
of  given  strength  when  tipped  a certain  number  of  degrees,  begin- 
ning at  the  vertical  (where  it  is  tipped  no  or  zero  degrees)  and 
gradually  increased  to  90°.  It  is  not  practicable  to  tip  any  lens 
more  than  20°. 


Anomie  of 

Sphere 

Cylinder  or  equiva- 

Cylinder  or  equiva- 

tipping 

lent,  axis  180° 

lent,  axis  90° 

zero 

1. 

1. 

0. 

5 

1.010 

1.002 

0.008 

10 

1.042 

1.010 

0.032 

15 

1.097 

1.023 

0.074 

20 

1.179 

1.041 

0.138 

25 

1.297 

1.066 

0.231 

30 

1.462 

1.096 

0.366 

35 

1.689 

1.134 

0.555 

40 

2.008 

1.178 

0.830 

45 

2.464 

1.232 

1.232 

90 

infinity 

2.236 

infinity 

Ward  A.  Holden  {Archives  of  Ophthal.,  Vol.  XX,  pp.  1-25)  gives 
a working  table  for  the  tilting  of  lenses,  wherein  he  shows  not  only 
the  relative  increase  in  power  of  a spherical  lens  by  being  tilted  a 
‘.'ertain  number  of  degrees,  but  the  actual  increase  in  power  of  the 
len.ses  most  commonly  used  after  cataract  extraction. 
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Spherical,  focus 
in  inches 

Tilting  10° 

Tilting  15° 

Tilting  20° 

41/2 

1/180  + 

1/52  — 

1/40 

4 

1/160  4- 

1/52 -f 

1/26  — 

3y2 

1/80  — 

1/52 -f 

1/26 -f 

3% 

1/80  — 

1/40  — 

1/22  — 

3 

1/80  — 

1/40-1- 

1/22-1- 

2% 

1/80  — 

1/40 -f 

1/20  + 

2 Vs 

1/80-}- 

1/32  — 

1/18 

2y4 

1/80 -f 

1/32 

1/16  + 

example,  if  a spherical  glass  of  2^  inch  focus  (16  D.),  pre- 
scribed as  a reading  glass  after  cataract  extraction,  he  tipped  for- 
ward 10°,  it  increases  its  strength  in  the  vertical  meridian  .50  D. ; 
if  tipped  ]5°,  it  increases  its  power  in  the  vertical  meridian  1.25 
D.;  and,  if  tipped  20°,  its  refractive  value  is  greater  in  the  vertical 
meridian  2.25  D.  In  each  instance,  however,  its  power  would  also 
slightly  increase  in  the  horizontal  meridian.  Moreover,  if  there  was 
only  a small  amount  of  astigmatism  against  the  rule,  axis  180°,  this 
could  be  easily  corrected  by  tilting  the  strong  plus  spherical  glass. 

There  is  one  disadvantage  (as  Holden  points  out)  incidental  to 
the  tilting  of  strong  spherical  glasses.  “The  spherical  lens  tilted 
on  a horizontal  axis  has  the  disadvantage  that  the  refractive  error  is  j 
corrected  only  while  the  eye  remains  in  a given  horizontal  plane. 
Suppose  the  upper  edge  of  the  glass  tilted  from  the  patient.  Then, 
if  he  look  through  the  lower  part  of  the  glass,  the  visual  axis  of  the 
eye  comes  to  form  a smaller  angle  with  the  axis  of  the  lens,  and  the 
effect  of  the  tilting  is  correspondingly  lost.  If  he  look  through  the 
upper  part  of  the  glass,  the  visual  axis  is  at  a greater  angle  with 
the  axis  of  the  lens,  and  the  refractive  power  is  increased.  For  this 
reason,  tilted  spherical  lenses  are  less  adapted  for  distance  than  for 
reading.  ” I 

Incidentally,  it  may  again  be  said  that  myopic  astigmatism  with 
the  rule,  when  associated  with  myopia  of  high  degree,  can  be  cor- 
rected by  tilting  the  strong  spherical  glass  on  its  horizontal  axis. 
This  follows  from  the  fact  that  in  compound  myopic  astigmatism  with 
the  rule,  just  as  in  hypermetropic  astigmatism  against  the  rule,  the 
meridian  of  greatest  error  lies  in  the  vertical  plane,  or  one  near  it; 
and,  by  tilting  the  strong  sphere  on  its  horizontal  axis  it  acts  more 
strongly  in  the  vertical  plane  than  in  the  horizontal;  and,  in  this 
way,  small  amounts  of  astigmatism  can  be  corrected  when  associ- 
ated with  high  degrees  of  spherical  error.  Except  in  very  high  de- 
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grees  of  myopia  (10  to  18  D.),  with  astigmatism  of  small  amount, 
1 to  3 D.,  with  the  rule,  this  method  should  not  be  adopted;  for,  as 
pointed  out  by  Bonders  {Accommodation  and  Refraction  of  the  Eye, 
p.  511)  : ‘‘This  means  of  correcting  astigmatism  is  capable  of  ap- 
plication only  when  relatively  strong  spherical  glasses  are  required 
to  neutralize  the  ametropia;  and  then,  too,  a more  perfect  correc- 
tion will  be  attainable  by  cylindrical  curvature  of  one  of  the  sur- 
faces. Only  in  aphakia  can  we  advantageously,  in  my  opinion,  in 
order  to  correct  a certain  degree  of  astigmatism,  make  use  of  an 
oblique  position  of  the  glasses.  Almost  always  it  appears  that  when 
we  give  a certain  inclination  to  the  strongly  convex  glass  the  acute- 
ness of  vision  is  improved,  and  the  necessity  of  attending  strictly 
to  this  in  every  ease  of  aphakia  is  generally  recognized.”  See,  also, 
p.  1965,  Vol.  Ill,  p.  4953,  Vol.  VII  and  p.  7212,  Vol.  X of  this 
Encyclopedia. 


ILLUSTRATIVE  CASES 

Astigmatism  of  large  a/tnount  ( 6 D.)  against  the  rule,  two  weeks  after 
operation;  Reduced  to  1.50  D.,  two  months  after  operation;  Pa- 
tient at  that  time  accepted  the  total  correction  indicated  hy  the 
ophthalmometer. 

S.  J.  C.,  aged  55,  in  good  health.  Simple  extraction  of  cataract, 
left  eye.  The  operation  was  without  complication,  and  the  patient 
was  discharged  on  the  sixteenth  day. 

Ophthalmometer.  Sixteenth  day,]  astigmatism  against  the  rule, 
6 D.,  axis  150° ; after  one  month,  4 D.,  axis  150° ; two  and  one-half 
months,  1.50  D.,  axis  150°. 

Test  cards  and  trial  lenses.  Sixteenth  day. 

20 

L.  V.  = — with  + 10  D.  -f  4 D.  cyl.,  150°. 

50 

Ophthalmoscope  and  oblique  illumination  showed  a clear  pupil. 
Two  and  one-half  months  after  the  operation,  the  ophthalmometer 
showed  astigmatism  of  only  1.50  D.,  which  the  patient  accepted  in 
full : 

20 

L.  V.  = — W.  -f  13  D.  -f  1.50  D.  cyl.,  150°. 

15 

Read  Jaeger  No.  1 at  12  inches  with  -4-  17  D.  -f-  1 D.  cyl.,  150°. 
Both  the  distance  and  reading  glasses  were  ordered,  which  she  wore 
with  comfort  for  two  and  one-half  years,  and  maintained  the  same 
acute  vision. 

It  will  be  noticed  in  this  case  that  the  cylinder  (of  the  reading 
glass)  had  to  be  reduced  in  strength. 
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Astigmatism  of  large  amount  (15  D.)  against  the  rule  three  weeks  after 
the  operation;  Reduced  to  13  D.  after  two  months,  and  to  12  D. 
only  aft 67'  a year  a7\d  a half,  leav7ng  12  D.  astigmatism  peimia- 
nently;  Patient  accepted  + 11.50  D.  C7jlinder  combined  with  4 
sphere;  Axis  of  astigmatism  did  not  change  in  the  first  two  months, 
hut  made  a change  of  15°  after  eighteen  months. 

J.  G.,  aged  77,  in  good  health,  had  a simple  extraction  of  cataract 
from  the  left  eye.  The  operation  was  without  mishap,  but  during 
healing  the  wound  gaped  twice,  so  when  finally  healed  there  was  a 
deeply  grooved  sclerocorneal  scar  at  the  site  of  incision.  Pupil  cir- 
cular* and  central,  but  at  time  the  patient  was  discharged  (twenty- 
first  day)  there  was  a membrane  in  it.  One  month  alter  the  opera- 
tion a needling  was  done,  leaving  a clear  pupil. 

Ophthahnometer.  After  three  weeks,  astigmatism  against  the  rule, 
15  D.,  axis  165°  ; two  months,  13  D.,  axis  165° ; eighteen  months,  12 

D.,  axis  180°.  ...  , . 

The  ophthahnoscope  showed  an  opening  in  the  membrane  in  the 
pupil  3 mm.  by  2 mm. ; pupil  central  and  circular. 

Test  cai'ds  and  ti'ial  lenses.  One  month. 

20 

L.  V.  = — with  -f  3 D.  -f-  12  D.  cyl.,  165°. 

200 

Two  months. 

20 

L V.  = — with  -f  4 D.  + 11.50  D.  cyl.,  165°. 

70 

On  account  of  the  large  amount  of  astigmatism,  due  to  the  ^ooved 
wound,  distance  glasses  only  were  ordered:  -f  4 D.  + 11.50  U.  cyl., 
165°.  The  patient  accepted  the  glasses  and  returned  alter  sixteen 
months.  The  ophthalmometer  then  showed  the  astigmatism  to  be 
12  D.,  axis  180°,  instead  of  165°,  as  at  first.  There  was  still  a decided 
groove  at  the  upper  margin  of  the  cornea. 

Test  cards  and  trial  lenses. 

20 

L V = — W.  + 6.50  D.  + 10.50  D.  cyl.,  180°. 

30 

Reads  Jaeger  No.  1 at  9 inches,  with  + 11  D.  + 10  D.  cyl.,  180°. 
Both  these  distance  and  reading  glasses  were  ordered. 

It  will  be  seen  that  distant  vision  was  increased  with  this  last  glass 

20  20 

to  ^ while  — was  the  best  vision  obtained  two  months  after  the 

3o'  70  o 

operation.  Furthermore,  the  axis  of  the  glass  had  changed  to  180  . 

The  change  in  the  meridians  of  the  astigmatism  did  not  take  place 
until  two  years  after  the  operation.  This  we  have  semi  in  but  one 
other  case  so  long  after  an  extraction.  It  will  be  noticed,  too,  that 
the  strength  of  the  spherical  glass  had  to  be  increased  as  the  strength 
' of  the  cylinder  was  diminished,  a point  already  noted  above  in  other 

cases. 
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An  11.50  D.  cylinder  is  the  strongest  cylindrical  cataract  glass  that 
vve  have  ever  seen  worn ; but  in  this  ease  it  gave  the  best  vision,  and 
we  did  not  hesitate  to  order  it.  Even  eighteen  months  after  the  op- 
eration, -f-  10.50  D.  cylinder  for  distance,  and  10  D.  cylinder  for 
reading,  in  combination  with  spheres,  had  to  be  ordered. 

Asiig’matism  of  high  degree  (22  D.)  against  the  rule  two  weeks  after 
operatia-ii;  5 D.  against  the  rule  one  year  after  operation,  at  which 
point  it  remained  stationary ; Change  in  axis  of  10°  doming  heal- 
ing. 

A.  F.,  aged  55,  in  good  health,  had  a simple  extraction  of  cataract 
from  the  left  eye.  The  wound  quickly  healed,  but  on  the  seventh  day 
the  .patient  fell  from  a chair  on  which  she  was  sitting  and  burst  the 
wound  open.  She  was  discharged  on  the  seventeenth  day ; pupil 
central  and  circular. 

Ophthalmometer.  Astigmatism  against  the  rule,  22  D.,  axis  180° ; 
in  one  month,  12  D.  axis  170°  ; five  months,  5 D.,  axis  170° ; one  year, 
5 D.,  axis  170°. 

Test  cards  and  trial  lenses.  After  seventeen  days. 

20 

L.  V.  = — W.  -f  8 D.  + 8 D.  cyl.,  180°. 

100 

One  month. 

20 

L.  V.  = — W.  + 10  D.  -f  8 D.  cyl.,  170°. 

40 

Five  months. 

20 

L.  V.  = — W.  -f  12  D.  -I-  3.50  D.  cyl.,  170°. 

20 

Jaeger  No.  1 at  12  in.,  with  16  D.  -|-  3 D.  cyl.,  170°. 

Ordered  both  the  indicated  distance  and  reading  glasses.  This  pa- 
tient was  seen  one  year  after  the  extraction,  and  the  astigmatism  had 
not  changed  from  the  finding  at  the  fifth  month. 

Twenty-two  diopters  is  the  highest  amount  of  astigmatism  after  a 
cataract  extraction  -we  have  ever  seen.  Although  the  ophthalmom- 
eter registered  this  very  large  amount  of  astigmatism,  at  no  time 
would  the  patient  accept  more  than  an  8 D.  cyl. 

Astigmatism  (4.50  D.)  with  the  rule  three  and  one-half  weeks  after 
operation;  Changed  to  1.50  D.  against  the  rule  after  three  years; 
Remained  thus  at  the  end  of  five  years  from  operation;  Case  re>- 
markahle  for  acuteness  of  vision  obtained  (20(10)  and  for  accom- 
modative power  after  the  extraction  of  the-  lens. 

E.  C.,  aged  42,  in  good  health,  had  extraction,  with  iridectomy,  of 
a “black”  cataract,  from  the  right  eye.  The  wound  did  not  heal 
completely  for  a week.  Only  a very  .shallow  anterior  chamber 
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formed,  but  at  the  end  of  the  week  the  wound  closed  completely  and 

20 

the  eve  recovered  with  the  remarkable  vision  of  — (Snellen). 

10 

At  the  end  of  three  months  it  was  discovered  that  he  had  a con- 
siderable range  of  accommodation  in  the  eye.  The  case  was  reported 
at  length  in  the  Manhattan  Eye  and  Ear  Hasp.  Reports,  Jan.,  1895. 

His  vision  just  before  the  operation  was : 

20  20 

R.  V.  = — ; L.  V.  = — . 

70  40 

Jaeger  No.  12  at  10  inches  right  eye,  and  No.  9 at  10  inches  left 
eye.  Though  this  vision  was  so  good  by  the  Snellen  te.st,  he  could  | 
not  recognize  friends  or  members  of  his  own  family  on  the  street,  j 
had  not  worked  for  five  years,  and  insisted  on  the  operation  being  ; 

done.  I 

Ophthalmometer.  Before  the  operation,  astigmatism  with  the  rule,  i 
.50  D.,  axis  90°  -f  or  180°  — in  each  eye ; three  and  one-half  weeks 
after  the  operation,  astigmatism  with  the  rule,  4.50  D.,  axis  90° ; 
three  months  after  the  operation  no  astigmatism  whatever;  three  i 
years,  astigmatism  against  the  rule,  1.50  D.,  axis  5°,  and  five  years 
after,  exactly  the  same  as  at  three  years,  both  as  to  the  amount  and 
meridians  of  the  astigmatism. 

Test  cards  and  trial  lenses.  Three  and  one-half  weeks, 

20 

R.  V.  = _ W.  + 9 D.  + 3.50  D.  eyl.,  90°. 

50 

Three  months, 

20 

R.  V.  = — W.  -f  11.50  D. 

10 

Jaeger  No.  1 at  12  to  15  inches,  with  15.50  D. 

The  patient,  however,  discarded  the  reading  glasses  ordered  and 
used  the  distance  glasses  for  all  purposes.  With  this  distance  glass 

20 

(11  50  D.)  he  read (Snellen),  and  Jaeger  No.  1 from  8 to  221/2 

10 

inches,  without  changing  the  position  of  the  glass  at  all  on  his  nose. 
Three  years  and  four  months  after  the  operation  the  ophthalmometer 
showed  astigmatism  against  the  rule. 

20 

R.  Y.  -1 W.  + 10.50  D.  + 1.50  D.  cyl.,  5°,  and 

10 

Jaeger  No.  1,  with  the  same  glass,  from  8I/2  to  22l^  inches. 

When  last  examined  the  astigmatism  was  the  same  as  at  the  end 

20 

of  three  years,  the  patient  had  vision  — and  still  retained  the  power 
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of  accommodation.  The  ophtlialmoscoipe  and  oblique  illumination 
showed  the  fundus  of  the  eye  normal  and  the  media  perfectly  clear. 
The  pupil  was  oval  (from  iridectomy  above)  but  free  from  mem- 
brane, except  a very  narrow  strip  at  the  margin. 

Astig^natisni  6 D.,  axis  45°;  Section  was  made  directly  above  for 

the  e-xtra-ctioii,  hut  the  nasal  side  of  the  wonnd  (left  eye)  broke 

open  during  a needling  on  the  twelfth  day;  Ultimate  vision  20/20. 

E.  B.,  aged  53,  good  health,  had  a simple  extraction  of  cataract 
from  the  left  ejm.  No  accident  during  the  operation,  and  the  eye  did 
well.  Twelve  days  later,  when  the  operator  attempted  to  perform 
a needling,  the  patient  squeezed  the  eye  violently  and  opened  the 
wound  on  the  nasal  side.  Within  four  days  the  wound  had  healed 
again,  but  no  further  attempt  to  needle  was  made  until  five  months 
later,  when  a successful  needling  was  performed. 

Ophthalmometer.  Seventeenth  day,  astigmatism  with  the  rule,  6 
D.,  axis  45° : five  months,  1.50  D.,  axis  45°. 

Test  cards  and  trial  lenses  (seventeenth  day) 

20 

L.  V.  = — with  + 9 D.  + 6 D.  cyl.,  45°. 

100 

The  ophthalmoscope  and  oblique  illumination  show  a membrane  in 
the  pupil. 

Five  months,  and  after  needling, 

20 

L.  V.  = — W.  + 13  D.  + .50  D.  cyl.,  45°. 

20 

Reads  Jaeger  No.  1 at  10  inches,  with  + 18  D.  sphere,  without  any 
cylinder.  Both  the  reading  and  distance  glasses  were  ordered. 

As  a rule,  after  cataract  extraction,  the  axis  of  the  correcting  cylin- 
der is  accepted  and  worn  horizontally  with  the  base  of  the  section; 
but,  exceptionally,  it  is  preferred  with  its  axis  at  right  angles  to  the 
direction  of  the  wound,  as  in  the  few  cases  where  the  astigmatism 
is  with  the  rule.  The  usual  position  of  the  corneal  section  in  cata- 
ract operations  being  in  the  upper  segment  the  astigmatism  that  fol- 
lows is  commonly  against  the  rule,  and  requires  a correcting  cylin- 
der with  its  axis  at  or  near  180°,  or  horizontal  and  in  the  direction 
of  the  puncture  and  counter  puncture.  The  exceptions  to  this  gen- 
eral rule  are:  first,  where  there  has  been  a high  de^ee  of  myopia, 
and  the  astigmatism  is  against  the  rule  when  the  axis  of  the  cylin- 
der must  be  worn  at  or  near  90°,  or  at  right  angles  to  the  base  of  the 
corneal  section ; second,  where  the  astigmatism  is  with  the  rule  after 
extraction,  in  which  instance  the  cylinder  must  be  worn  at  or  near 
90°,  or  at  right  angles  to  the  base  of  the  corneal  section. 

In  the  ca.se  just  reported  when  the  patient  squeezed  the  eye  vio- 
lently and  the  wound  opened,  the  cicatrix  that  formed  caused  the 
meridian.s  of  greatest  and  weakest  curvature  to  lie  at  4o  and  135 
respectively,  as  shown  by  the  ophthalmometer. 
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Refraction  of  high  myopes  after  cataract  extractio-n. 

Percival  (Archives  of  Ophthahn.,  Vol.  XXVI,  pp.  1-4)  says  some 
operators  have  expressed  great  surprise  at  the  marked  change  in  the 
refraction  in  high  myopia  after  cataract  extraction,  when,  as  a matter 
of  fact,  they  should  expect  it.  Helmholtz,  Bonders  and  others  have 
shown  that  an  axial  myopia  of  between  25  D.  and  26  D.  may  be  en- 
tirely corrected  by  simply  extracting  the  lens. 

Since  it  requires  about  -(-  11  D.  to  correct  the  emmetropic  eye  after 
cataract  extraction,  it  would  naturally  be  supposed  that  a myopia  of 
26  D.,  after  cataract  extraction,  would  require  a lens  representing  the 
difference  between  — 26  D.  and  -j-  11  D.  ( — 15  D.)  to  correct  it  for 
the  distance.  But  such  is  not  the  case,  and  Percival,  after  giving  a 
table  of  such  cases,  remarks  that  the  change  in  refraction  due  to  the 
operation  increases  with  the  previous  degree  of  axial  myopia.  In 
other  words,  the  higher  the  degree  of  myopia  before  the  operation, 
the  greater  the  influence  proportionally  will  the  extraction  of  the  cata- 
ract have  on  the  total  refraction.  We  reproduce,  in  part,  his  table. 


Antero-posterior 
dimension, 
or  optic  axis 

Power  of  glass 
to  correct 
before  operation 

Power  of  glass 
to  correct 
after  extraction 

Change  in 
refraction 

23  mm. 

— .50  D. 

-fll.2  D. 

11.7  D. 

26  mm. 

— 9.9  D. 

+ 7.  D. 

16.9  D. 

29  mm. 

— 19.2  D. 

-f  2.9  D. 

22.1  D. 

32  mm. 

— 28.50  D. 

— 1.25  D. 

27.3  D. 

Operators  of  experience  claim  that  by  the  i^emoval  of  the  lens  in 
excessive  myopia  the  visual  acuity  is  increased  through  the  enlarge- 
ment of  the  retinal  images,  that  the  strain  of  convergence  is  lessened 
and  that  congestion  of  the  fundus  is  relieved.  Favorable  results 
after  removal  of  the  crystalline  lens  in  high  myopia  have  been  pub- 
lished but  we  should  not  forget  the  contraindications  and  dangers 
of  the  operation. 

These  are  chiefly,  (1)  degenerative  changes  in  the  choroid  or  ret- 
ina, especially  if  in  or  near  the  macula;  (2)  vitreous  opacities, 
which  usually  indicate  pathologic  alterations  in  the  blood  vessels; 
(3)  marked  corneal  scars;  (4)  myopia  of  less  than  12  D. ; (5)  other 
conditions  that  contraindicate  extraction  of  senile  cataract,  as  tra- 
choma, detachment  of  the  retina,  advaneed  age,  etc. 
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The  chief  dangers  of  the  operation  itself  are:  (1)  intraocular  hem- 
orrhage and  (2)  detachment  of  the  retina. 

When  we  consider  that  one  of  the  contraindications  of  the  opera- 
tion is  a myopia  of  less  than  12  D.,  and  another,  and  the  most  seri- 
ous one,  degenerative  changes  in  the  choroid  and  retina,  and  remem- 
ber, also,  how  feAv  eyes  with  myopia  of  more  than  12  D.,  present 
healthy  fundi,  it  will  be  apparent  how  few  eyes  one  sees  suited  to 
this  operation.  If  we  were  to  seek  only  ideal  conditions  for  the  op- 
eration and  to  look  for  about  2 D.  of  myopia  after  the  operation  (so 
that  the  patient  would  not  need  a glass  for  the  near  point)  the  eye 
must  have  had  about  30  D.  of  myopia  before  the  operation.  Now  30 
D.  of  myopia  is  so  rare  as  hardly  ever  to  be  met  with,  and  when  it 
is  encountered  degenerative  changes  in  the  fundus  are  almost  cer- 
tain to  be  present  and  to  contraindicate  operative  procedure.  Even 
theoretically  to  obtain  emmetropia  after  the  operation  a myopia  of 
25  or  26  D.  is  necessary  before  the  operation.  However,  Von  Hip- 
pel  and  others  have  found  that  emmetropia  may  be  obtained  by  ex- 
tracting the  lens  (discission)  in  myopia  of  only  15  D. ; and  in  my- 
opia of  18  to  20  D.,  it  is  obtained  in  about  25  per  cent,  of  the  cases. 
See  Myopia,  as  well  as  p.  8274,  Vol.  XI  of  this  Encyclopedia. 

Further  observations  on  the  operative  treatment  of.  high  degrees  of 

myopia. 

[In  addition  to  what  has  been  said  here  and  elsewhere  in  the  pages 
of  this  Encyclopedia  on  the  above  subject  Peter  A.  Callan  (Wood’s 
System  of  Ophthalmic  Operations,  Vol.  II,  p.  1309)  has  made  an 
important  contribution  which  is  largely  reprinted  as  follows: 

Surgeons  of  the  eighteenth  century  were  aware  of  the  visual  ad- 
vantage gained  by  myopes  after  the  successful  removal  of  cataract. 
Boerhaave  {Be  morbis  oculorum,  Gottingen,  1708,  page  231)  in  1708 
was  the  first  to  publish  his  observations  and  called  attention  to  the 
fact  that  myopes  after  the  removal  of  the  cataract  could  see  without  , 
the  aid  of  glasses.  Moreover,  Wbolhouse  (Dissertatio'ns  samantes  et 
critiques  sur  la  cataract)  in  1717,  likewise  commented  on  the  fact 
that  myopes  after  the  removal  of  the  opaque  lens  could  see  without 
the  aid  of  gla.sses.  Higgs  in  1755  noticed  that  depression  of  the 
cataractous  lens  cured  myopia.  Deshais-Gendron  in  1770  and  Janin 
in  1772  both  called  attention  to  the  benefits  accruing  to  myopes  after 
the  removal  of  cataract,  as  they  were  able  to  dispense  with  the  use 
of  glasses  for  far  and  near. 

The  Abbe  Desmonceaux  (Traite  des  maladies  des  yeux  et  d-es 
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oreilles,  1786,  Vol.  II,  p.  140)  was  the  first  to  advocate  the  removal 
of  the  clear  lens  for  myopia.  He  never  performed  the  opera- 
tion because,  as  he  naively  puts  it,  being  a clergyman,  it  would  not 
have  been  consistent;  furthermore  he  would  not  have  the  courage  to 
do  it.  Consequently  he  referred  the  cases  to  expert  surgeons  and 
especially  mentions  Baron  Wenzel  who  had  performed  many  of  these 
operations  at  his  suggestion.  Wenzel,  however,  makes  no  mention  in 
his  writings  of  having  removed  the  clear  lens  in  high  myopia.  Dur^ 
ing  the  latter  part  of  the  eighteenth  to  the  early  part  of  the  nine-  | 

teenth  centuries  many  surgeons  referred  to  the  subject  of  operative  ' 

interference  in  high  myopia,  namely : Richter,  Gleize,  Beer,  An-  j 

dreas,  Weller,  Desmoulins,  Demours,  and  Benedikt,  but  there  is  no 
evidence  that  any  one  of  these  had  operated  on  the  clear  lens.  The 
subject  was  discussed  from  a theoretical  standpoint,  the  writers  ex- 
patiating on  the  risk  and  danger  likely  to  follow  such  an  operation.  , 

Mackenzie  {Diseases  of  the  Eye,  London,  1830,  page  528)  in  1830 
refers  to  Sir  William  Adams  as  having  removed  the  clear  lens  for  ; 

the  relief  of  conical  cornea.  Adams  had  operated  on  a woman  seven-  i 

ty  years  of  age,  suffering  from  conical  cornea  and  cataract,  and  was  ■ 

gratified  to  find  that  the  patient  could  see  more  distinctly  without 
glasses  than  is  usually  the  case.  The  experience  thus  gained  deter-  ; 
mined  him  to  remove  the  clear  lens  in  conical  cornea  at  the  first  op- 
portunity. The  following  year  a suitable  case  presented  in  the 
person  of  a domestic;  a young  woman,  on  account  of  conical  cornea, 
was  so  blind  that  she  could  not  continue  her  employment.  She  could 
walk  without  a guide  and  could  see  at  a distance  of  three  or  four  feet, 
but  had  entirely  lost  the  power  of  seeing  small  objects  or  reading.  He 
performed  discission  on  one  eye,  and  the  patient  returned  to  the  coun- 
try before  the  eye  had  entirely  recovered  from  the  operation.  It 
was  almost  a year  before  she  was  seen  again  by  Adams,  who  found 
that  she  could  read  the  finest  type,  without  a glass,  at  a distance  of 
ten  to  twelve  inches  from  the  eye.  The  vision  was  improved  for 
near,  with  weak  convex  lenses,  but  distant  vision  was  best  without 
glasses. 

Radius  in  1836,  advised  the  removal  by  discission  of  the  clear 
lens  for  the  relief  of  high  myopia,  but  there  is  no  evidence  that  he 
performed  the  operation.  In  fact,  the  subject  is  not  even  mentioned 
or  referred  to  in  books  on  ophthalmology  until  the  Heidelberg  Con- 
gress in  1858. 

Adolph  Weber,  of  Darmstadt,  reported  a successful  case  and 
Mooren  advocated  operating  in  high  myopia. 

Vqn  Graefe  and  Donders,  however,  deprecated  the  idea,  referring 
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to  the  great  risk  involved,  besides  the  loss  of  aeeommodation.  Some 
six  years  later,  Donders  expressed  himself  as  follows  in  regard  to 
the  operation:  “Bnt  I need  not  say  that  such  a momentous  under- 
taking is  doubly  dangerous  when  a myopic  eye  and  a transparent 
lens  are  concerned.  To  expect  that  even  in  the  most  favorable  case, 
any  real  advantage  is  to  be  expected  would  exhibit  culpable  rash- 
ness. Not  only  would  the  staphyloma  posticum  continue  equally 
threatening,  but  it  would  sacrifice  the  accommodation,  a disadvan- 
tage which  somewhat  larger  images  obtained  by  neutralizing  glasses 
would  not  counterbalance.” 

Two  weeks  after  the  adjournment  of  the  Heidelberg  Congress, 
Mooren  operated  on  the  clear  lens  of  a young  man,  thirty  years  of 
age,  for  high  myopia  with  phthisis  bulbi  as  the  outcome.  With  the 
exception  of  a few  isolated  operations,  the  matter  remained  in  abey- 
ance until  1888,  when  Fukala  reported  the  results  of  his  operations 
in  fourteen  cases  of  high  myopia  in  young  subjects  from  whom  he 
had  removed  the  clear  lens. 

The  report  was  a revelation  to  the  medical  profession.  For  the 
first  time  the  question  ceased  to  be  theoretical  and  abstract  and  be- 
came practical  and  concrete.  It  required  no  little  moral  courage 
to  rehabilitate  an  operation  frowned  upon  by  the  founders  of  mod- 
ern ophthalmology'. 

Fukala’s  experience  (Wiener  Klin.  WocJiensclir.,  Nov.  8,  1889, 
p.  888)  might  have  been  that  of  Weber’s,  thirty  years  before,  had 
not  the  era  of  asepsis  been  introduced  in  the  meanwhile. 

As  an  appendix  to  a translation  of  one  of  Fukala’s  papers  is  the 
following  note  of  a case  operated  on  by  a Chicago  colleague : In 
1880,  an  Irishman,  get.  35,  a bookkeeper,  presented  himself  for  treat- 
ment. He  had  a myopia  of  1/2  (20  D.),  his  far  point  being  2"  from 
the  cornea.  The  right  lens  was  extracted  by  the  flap  operation  with- 
out iridectomy  and  came  away  entire.  With  minus  1/8  or  1/7 
(minus  5 or  minus  6 D.)  he  had,  three  months  after  the  operation, 
vision  of  20/xxiv  minus  and  was  able  to  do  bookkeeping.  The  left 
lens  was  not  disturbed. 

Vacher  (Bulletins  et  Mem.  de  la  Soc.  franc  d’ophtal.,  1890,  p.  197) 
about  the  same  time,  without  the  knowledge  of  Fukala’s  work, 
had  extracted  the  clear  lens  for  high  myopia  with  the  avowed  ob- 
ject of  preventing  retinal  detachment  and  progressive  choroidal  de- 
generation. 

A.r(juments  for  and  afjainst  the  removal  of  the  clear  lens  in  high 
mifopia.  High  myopia  is  a great  handicap  entailing  a train  of  physi- 
cal discomforts  and  disabilities  that  disqualify  persons  for  and  ex- 
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chide  them  from  many  occupations  where  good  vision  is  a sine  qua 
nom.  The  strong  convergence  necessaiw  to  see  distinctly  at  a very 
near  point  is  often  accompanied  by  spasm  of  the  accommodation 
causing  vascular  disturbances  and  choroidal  stretching  leading  to 
degenerative  changes  in  the  fundus  oculi. 

The  full  correction  of  high  myopia  is  rarely  worn  with  comfort 
and  often  the  attempt  is  likely  to  be  followed  by  nausea,  headaches, 
dizziness  and  general  malaise.  Strong  concave  lenses  act  as  prisms, 
reduce  the  size  of  objects  and  lead  to  false  estimates  of  distances. 

The  removal  of  the  clear  lens  in  high  myopia  is  a rational  proced- 
ure, resulting  in  gi-eat  benefit  in  suitable  cases.  On  the  other  hand, 
indiscriminate  operating  leads  to  disastrous  results  and  tends  to  dis- 
credit an  otherwise  beneficial  operation.  The  vision  improves  after 
the  operation  in  varying  amounts  from  l/6th  to  l/3d  of  the  normal. 
The  retinal  images  and  fields  of  vision  are  enlarged.  Distant  vision 
is  obtained  with  or  without  strong  lenses  (at  most  a weak  convex 
or  concave  glass),  while  near  vision  generally  requires  a compara- 
tively low  power  convex  glass.  The  excessive  convergence,  with  its 
spasm  of  accommodation,  is  no  longer  necessary.  The  range  of  ac- 
commodation is  quite  sufficient,  often  amounting  to  several  diopters. 
No  patient  with  high  myopia,  after  the  successful  removal  of  a clear 
lens,  would  willingly  resume  the  former  status  quo. 

The  operation  should  be  confined  to  high  degrees  of  myopia,  as  it 
is  in  such  cases  that  the  greatest  benefit  is  likely  to  accrue.  Lower 
degrees  mean,  after  removal  of  the  lens,  separate,  strong,  convex 
lenses  for  far  and  near  vision. 

There  is  no  absolutely  accurate  means  of  determining  what  the 
resulting  refraction  is  going  to  be  after  the  removal  of  the  lens. 
Formula?  to  determine  it  have  been  published  by  Badal,  Ostwalt, 
Eperon,  Hirschberg,  Stadfelt,  and  Pfliiger  that  give  only  approxi- 
mate results. 

An  emmetrope  (i.  e.,  a subject  with  a slight  amount  of  hyperopia), 
after  cataract  extraction,  sees  distant  objects  with  a + 10  D.  and 
a cylinder  of  greater  or  less  amount.  However,  a myope  of  10  D. 
does  not  become  emmetropic  after  the  removal  of  the  lens.  Eyes 
with  an  equal  amount  of  myopia  prior  to  operation,  have  shown  dif- 
ferences as  high  as  10  D.  after  the  removal  of  the  lenses. 

The  refractive  index  of  the  lenses  of  emmetropia,  as  shown  by 
Bonders  and  Becker,  may  vaiy  from  2 to  3 D.  Besides  the  axial 
length  of  the  eye-ball  (which  is  the  ehief  factor  in  the  different  re- 
fractive types)  the  radius  of  the  cornea,  the  depth  of  the  anterior 
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chamber,  as  well  as  the  shape,  size  and  density  of  the  lens  are  modi- 
fying conditions  to  he  considered. 

Dondere  found  the  average  radius  of  the  cornea  in  the  three  re- 
fractive types  as  follows:  Hyperopia,  7.96  mm.;  emmetropia,  7.85 
mm.;  myopia,  7.87  mm.  Mauthner  found  the  following:  Hyperopia, 
7.623  mm. ; emmetropia,  7.708  mm. ; myopia,  7.584  mm.  Von  Reuss 
reported  these  findings : Hyperopia,  7.739  mm. ; emmetropia,  7.44 
mm. ; myopia,  7.52  mm. 

According  to  Bonders’  and  Von  Reuss’  tables,  the  emmetropic 
eye  has  the  shortest  corneal  radius,  while  Mauthner  found  first,  the 
myopic  eye,  wdtli  the  hyperopic  next  in  order.  In  other  words,  the 
measurements  by  the  ophthalmometer  of  the  cornea  in  the  three 
refractive  types  vary  but  little  from  each  other.  Strictly  speaking, 
there  are  only  two  refractive  conditions,  hyperopia  and  myopia,  in- 
asmuch as  the  emmetropic  eye  means  a small  amount  of  hj^'peropia 
or  hyperopic  astigmatism. 

In  measuring  the  cornea  wdth  the  ophthalmometer,  the  eye  should 
be  in  a condition  of  absolute  rest  (with  paralysis  of  the  accommoda- 
tion) and  a passive  state  of  the  extrinsic  ocular  muscles.  [I  do  not 
agree  with  this  statement. — A.  E.  D.] 

Indications  for  operation  in  Jiigh  myopia.  The  social  status  of  the 
patient,  the  ability  to  continue  employment,  and  the  earning  ca- 
pacity are  factors  to  be  considered.  If  the  vision  is  so  poor  that 
work  at  fourteen  inches  is  no  longer  possible,  or  if  no  remunerative 
employment  can  be  obtained,  so  that  the  individual  becomes  depend- 
ent on  relatives  or  the  State  for  support,  the  operation  is  urgently 
called  for.  Besides,  there  are  occupations  where  the  wearing  of 
glasses  is  almost  prohibitory  (as  for  cooks,  coachmen,  sailors)  where 
vapor,  rain  or  prejudice  militates  against  their  use. 

When  the  myopia  is  so  high  that  no  lens  gives  satisfactory  results 
or  where  distant  vision  is  little  better  than  one-tenth  of  normal ; and 
if  the  macula  lutea  be  intact  with  fair  vision  for  near,  the  operation 
is  justifiable.  As  to  the  amount  of  myopia  likely  to  be  benefited  by 
an  operation,  it  varies  according  to  the  ideas  of  different  surgeons. 
Some  fix  12  D.  as  the  lowest  limit.  The  chief  objection  to  such  a 
small  amount  is  a resulting  high  degree  of  hyperopia  in  the  aphakic 
eye,  recjuiring  strong  convex  lenses,  both  for  far  and  near.  It  ap- 
pears to  some  that  16  D.  is  the  lowest  amount  and  the  one  most  likely 
to  give  the  he.st  results,  viz.,  a weak  convex  lens  for  near  work  and  no 
glass  for  the  distance. 

The  patient  should  be  made  fully  aware  of  the  risk  to  be  run  in 
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the  operation ; that  the  eye-sight  may  be  lost  as  a direct  result  of  the 
attempt  to  remove  his  lens.  When  a patient  is  blind  from  cataract, 
there  is  everything  to  be  gained  by  an  operation,  and  if  unsuccess- 
ful, the  eye  is  still  blind.  Not  so,  however,  in  high  myopia,  as  the 
operation  may  lead  to  the  loss  of  a seeing  eye. 

Contra-indications.  Where  the  patient  has  only  one  eye,  or  where 
in  the  fellow  eye  there  is  a detached  retina,  it  would  not  be  wise  to 
risk  the  loss  of  the  remaining  sound  eye. 

Destructive  changes  at  the  macula  lutea,  with  defective  near  vision, 
should  be  excluded.  Hemorrhages  into  the  vitreous,  choroid,  or  ret- 
ina arc  contra-indications,  but  the  ordinary  chorio-retinal  changes 
of  high  myopia  even  when  they  involve  the  macula  lutea  but  still 
leave  the  patient  with  fair  vision,  do  not  bar  the  operation. 

Dacryocystitis,  trachoma  in  the  acute  stage,  or  inflammation  of  the 
eye-lids  with  purulent  secretion,  ozena,  or  diseases  of  the  nasal  sin- 
uses ,are  contra-indications,  as  are  a hazy  cornea  or  media  that  would 
militate  against  the  flnal  results.  General  constitutional  diseases 
interfere  with  the  good  results  in  proportion  as  the  entire  system  is 
enfeebled. 

Although  three  decades  have  almost  elapsed  since  Fukala’s  first 
report,  there  are  still  some  moot  points  yet  to  be  definitely  settled, 
viz.,  the  ultimate  effects  of  the  removal  of  the  lens  in  regard  to,  first, 
axial  length;  second,  effect  on  the  fundus  changes;  third  retinal  de- 
tachment. 

Mooren,  as  a prophylactic  measure  removed  the  clear  lenses  from 
young  persons  with  (progressive)  myopia,  ranging  from  2 to  5 D., 
with  unsatisfactory  results.  The  axial  length  increased  and  the  fun- 
dus changes  continued.  Most  other  operators  found  that  the  antero- 
posterior axis  remains  unchanged,  or,  at  most,  there  is  very  little 
increase  in  length.  At  present,  it  is  not  possible  to  state  positively 
that  the  removal  of  the  lens  always  stops  the  increase  of  the  axial 
length,  or  brings  the  fundus  changes  to  a standstill.  However,  judg- 
ing by  the  experience  of  the  majority,  the  axial  length  does  not  in- 
crease, and  if  it  does,  it  is  only  exceptionally ; and  the  same  holds 
good  of  the  fundus  changes. 

Retinal  detachment  occurs  not  infrequently  in  high  myopia,  irre- 
spective of  the  removal  of  the  lens,  and  the  question  naturally  arises, 
how  much  of  a factor  is  the  operation  in  its  causation?  Can  it  be 
held  responsible,  when  we  know  that  retinal  detachment  and  choroi- 
dal hemorrhage  rarely  follow  cataract  extraction  in  ordinary  cases 
of  emmetropia  and  high  myopia  ? 
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rhe  following  table  statistics  dealing  with  this  subject  are  quoted 
from  K.  Bjerke’s  (Zeitschr.  fur  Augenheilk.,  Bd.  VIII,  1902,  p.  137- 
175)  paper: 


Surgeon 

Operation 

Detachment  of  the 
retina,  per  cent. 

Schweigger 

Discission  and  linear  extraction. . 

7 

in 

50 

eases. 

14 

Thier 

ditto 

4 

in 

50 

eases, 

8 

Frolich 

Discission  through  the  entire  lens 

and  linear  extraction 

4 

in 

56 

cases. 

7 

You  Hippel 

Discission  and  linear  extraction. . 

10 

in 

184 

eases, 

5.4 

Schreiber 

ditto 

1 

in 

19 

cases, 

5.2 

Silex 

ditto 

1 

in 

20 

cases, 

5 

Diap.issmTi  and  S'lctinn 

1 

in 

20 

cases, 

5 

SnttlRT 

Discission  and  extraction 

4 

in 

85 

cases, 

4.7 

Sn+flpr  

Primary  extraction 

1 

in 

30 

cases. 

3 

Tiflripr  

ditto  

4 

in 

142 

eases. 

2.8 

Ulpssig  

Discission  and  extraction 

1 

in 

50 

cases. 

2 

Pfliigpr 

ditto  

1 

in 

100 

eases. 

1 

Vaphpr  

Primary  extraction 

0 

in 

61 

cases. 

0 

TT  ft  a.b  

Discission  and  extraction 

0 

in 

50 

cases. 

0 

Oplpltp . 

ditto  

0 

in 

50 

cases. 

0 

ditto  

0 

in 

12 

cases. 

0 

Rphlpip.h  

ditto  

0 

in 

60 

cases, 

0 

Vnlplcprq  

ditto  

0 

in 

17 

cases. 

0 

TTir'^phhprg 

ditto  

0 

in 

20 

eases. 

0 

Rilvpstrp  

ditto  

0 

in 

10 

eases. 

0 

UoliTTipr 

ditto  

0 

in 

8 

cases, 

0 



ditto  

0 

in 

10 

cases. 

0 

Logetschenkow 

ditto  

0 

in 

40 

cases. 

0 

Hertzog  de  Grandleur. . 

ditto  

0 

in 

20 

cases, 

0 

Pnt.fp.n  

ditto  

0 

in 

6 

eases. 

0 

Tljprtp  . 

ditto  

0 

in 

6 

cases. 

0 

Referring  to  the  foregoing  table,  1,176  cases  were  operated  on  by 
twenty-five  surgeons.  The  procedure  employed  to  remove  the  clear 
lens  by  eight  surgeons  in  262  cases  is  not  specified;  914  cases  were 
operated  upon  by  seventeen  surgeons  by  the  following  methods:  9 
surgeons  operated  by  discission  and  extraction  in  474  cases;  5 sur- 
geons operated  by  discission  and  linear  extraction  in  329  cases; 
1 surgeon  operated  by  discission  and  suction  in  20  cases ; 10  surgeons 
operated  by  primary  extraction  in  91  cases. 

The  greatest  number  of  operations  were  discission  and  extraction. 
Next  in  order  comes  discission  with  linear  extraction;  primary  ex- 
traction without  discission;  and  the  lowest  number  by  discission  and 
suction.  In  not  a single  instance  was  discission  solely  depended  upon 
to  remove  the  clear  lens. 

Six  surgeons  (method  specified)  had  no  retinal  detachment.  Six 
surgeons  in  250  ca.ses  (method  specified)  had  no  retinal  detachment. 
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Eight  surgeons  in  262  cases  (no  method  specified)  had  2.8  per  cent, 
of  loss  of  the  eye. 

If  we  consider  the  entire  Ijl'i^h  patients,  operated  on  by  twenty- 
five  surgeons,  the  proportion  of  retinal  detachment  was  about  4.83 
per  cent. 

Prblich  (Archil),  fur  Augenheil,  Vol.  35,  1897,  p.  267)  collected 
the  statistics  of  retinal  detachment  in  myopes  over  10  D.  and  com- 
X^ared  those  not  operated  on  with  those  operated  on  for  high  myopia. 

He  found  3.3  per  cent,  of  the  latter  with  retinal  detachment,  against 
2.2  per  cent,  retinal  detachment  in  patients  not  operated  on. 

Von  Hippel  found  6.7  per  cent,  myopes  over  10  U.,  who  had  not^ 
been  operated  on  as  compared  with  5.4  per  cent,  in  those  who  had 
one  or  both  lenses  removed. 

Retinal  detacliment  (it  would  appear  from  the  experience  of  these 
surgeons)  occurs  somewhat  more  frequently  in  eyes,  from  which  the 
transparent  lens  has  been  removed,  but  the  percentage  is  not  large,  | 

when  compared  with  that  which  takes  place  in  liigh  myopia.  The  j 

difl'erent  results  obtained  by  various  surgeons  suggest  that  this  acci- 
dent results  not  so  much  from  a particular  form  of  operation  as  in 
the  carrying  out  of  the  technic. 

In  high  grade  myopia  should  one  or  both  eyes  he  operated,  on?  Ad- 
vocates of  the  need  of  binocidar  vision  are  outspoken  in  favor  of  re- 
moving both  lenses.,  To  the  writer’s  mind,  it  is  a question  for  the 
patient  to  decide ; when  a sufficient  period  of  time  has  elapsed  after 
the  first  operation,  let  him  fully  determine  what  he  needs.  The  sur- 
geon should  not  influence  the  patient  on  purely  theoretical  grounds. 
Besides  the  risk  of  a double  operation,  the  loss  of  time  must  be 
considered.  As  the  result  of  some  experience  in  these  matters,  one 
feels  that  a decision  should  lie  wholly  in  the  hands  of  those  most  in- 
terested in  the  result.  A patient  blind  from  cataract  in  submitting 
to  an  operation  followed  by  untoward  result  is  in  a totally  differ- 
ent position  from  one  who  loses  a seeing  eye  as  a result  of  an  opera- 
tive procedure. 

The  operation  of  electio-n  for  high  degrees  of  myopia.  There  are 
three  operative  methods  open  to  the  surgeon:  First,  discission;  sec- 
ond, discission  with  linear  extraction;  and  third,  primary  extrac- 
tion. 

The  easiest  and  safest  procedure  for  the  removal  of  the  clear  lens, 
up  to  the  twenty-fifth  year,  is  discission.  Exceptionally,  this  age 
limit  may  be  extended,  but  much  beyond  the  twenty-fifth  year  the 
nucleus  is  apt  to  be  too  hard.  The  chief  objection  to  discission  is  the 
slowness  of  absorption ; it  often  takes  months  before  the  process  is 
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complete.  Although  this  objection  is  a valid  one,  the  patient  need 
not  lose  all  the  time.  Work  may  be  resumed  after  the  irritation  has 
ceased  in  the  eye  operated  on. 

At  the  end  of  six  to  eight  weeks  a second  discission,  more  free 
than  the  first  and  penetrating  deeper  into  the  lens,  may  be  per- 
formed. It  is  to  be  assumed  that  by  this  time  the  process  of  absorp- 
tion resulting  from  the  first  needling,  has  come  to  a standstill.  In 
adults,  it  may  require  a year  to  eighteen  months  before  the  process 
of  absorption,  due  to  the  discissions,  is  complete. 

The  density  of  the  lens  even  up  to  the  twenty-fifth  year  varies 
considerably  so  that  in  one  case  the  capsular  opening  may  result  in 
a mere  opaque  line,  while  in  another  instance  there  may  be  marked 
opacity  and  swelling  of  the  lens  substance.  As  a rule,  however,  a 
large  discission  with  deep  penetration  of  the  lens  is  apt  to  be  fol- 
lowed by  much  reaction,  especially  swelling  and  opacity  of  the  lens 
fibres,  and  in  twenty-four  to  forty-eight  hours,  by  increased  tension, 

etc. 

Most  surgeons  prefer  to  do  a free  discission  followed  by  a linear 
extraction.  If  the  reaction  is  slight  ice  cold  compresses  and  the 
free  use  of  atropine  should  be  used,  that  the  opacity  and  swelling 
of  the  lens  may  proceed  moderately,  without  too  many  signs  of  irri- 
tation. 

It  is  well  to  wait  a sufficient  time,  so  that  the  lens  becomes  fully 
opaque  before  proceeding  to  the  next  step,  linear  extraction.  How- 
ever, if  the  patient  complains  of  much  ocular  pain,  headache,  peri- 
corneal injection,  contraction  of  the  pupil,  haziness  of  the  cornea, 
and  increased  ocular  tension,  delay  is  dangerous  and  the  swollen 
lens  must  be  evacuated  on  the  fourth  or  fifth  day  following  the  dis- 
cission. 

Dangers  cund  complications  of  operations  for  high  myopia:  The 
untoward  results  liable  to  follow  are:  First,  glaucoma;  second,  iritis, 
irido-cyclitis  or  panophthalmitis ; third,  infection. 

The  glaucoma  occurs  in  two  forms,  inflammatory  and  non-inflam- 
matory.  Acute  inflammatory  glaucoma  is  the  most  frequent  result 
of  a too  free  discission,  due  to  the  irritation  of  the  rapidly  swelling 
lens  substance,  and  comes  on  usually  within  the  first  five  days  follow- 
ing the  operation.  If  severe,  with  neuralgic  pains  in  the  head  and 
globe,  nausea,  vomiting,  increased  tension,  and  a hazy  cornea,  a 
linear  extraction  should  be  done  without  delay,  permitting  the  evacu- 
ation of  the  swollen  and  opaque  lens.  This  act  dissipates  all  signs 
of  inflammation,  provided  the  operation  is  done  at  the  onset  of  the 
symptoms. 
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There  is  a non-inflammatoi’y  or  chronic  fonn  that  occurs  mouths 
or  even  years  after  operation,  due  to  the  contraction  and  thickening 
of  capsular  bands  pulling  on  the  ciliary  process.  Cutting  these  bands 
so  as  to  prevent  the  traction,  stops  the  process  and  this  is  done  best 
with  the  scissors.  The  writer  has  seen  a number  of  such  cases  where 
iridectomy  proved  of  no  avail  and  relief  was  only  obtained  by  sever- 
ing these  capsular  bands. 

Iritis  may  occur,  likewise  irido-cyclitis  may  result  from  the  too 
rapid  swelling  of  the  lens  substance.  These  are  best  treated  by  leeches 
to  the  temple,  the  free  use  of  atropine  and  hot  compresses,  tempera- 
ture ranging  from  120°  to  130°  F.,  continuously  applied  to  the  closed 
eyelids  of  the  affected  eye. 

These  conditions  when  severe  are  difficult  to  discriminate  from  in- 
fection, especially  when  the  process  results  in  panophthalmitis.  It 
may  be  an  open  question  as  to  what  role  infection  played  in  leading 
to  this  result,  the  germ  possibly  being  introduced  at  the  time  of 
operation.] 


CHAPTER  xvi. 

REFRACTION  AND  ACCOMMODATION  IN  IRREGULAR  ASTIGMATISM.  CONICAL 

CORNEA.  ILLUSTRATIVE  CASES. 

Before  the  days  of  the  perfected  ophthalmometer  and  other  means 
of  diagnosis  no  class  of  cases  presented  more  difficulty  in  “fitting” 
than  those  with  irregular  curvature  of  the  cornea. 

In  the  Javal-Schiotz  instrument  the  images  of  the  mires  are  of 
service  in  detecting  irregular  astigmatism,  just  as  with  de  Wecker’s 
squares,  that  show  distortion  of  the  corneal  image  and  irregularity 
of  its  outline  when  irregular  astigmatism  is  present.  It  is  also  shown 
when  there  is  no  position  on  the  cornea  where  the  central  lines  divid- 
ing the  mires  can  be  made  to  form  one  continuous  straight  line. 
However,  if  regular  astigmatism  is  present  in  addition  to  the  irreg- 
ular form,  there  are  generally  two  positions  at  which  these  lines  be- 
eome  more  nearly  straight  than  elsewhere,  thus  indicating  the  me- 
ridians of  the  regular  astigmatism. 

So  delicate  is  the  distortion  test  by  means  of  the  mires,  that  the 
slightest  irregularity  of  the  corneal  surface  is  detected.  This  phe- 
nomenon should  lead  to  a close  inspection  of  the  cornea  by  oblique 
illumination,  and  the  probable  detection  of  minute  opacities,  which 
otherwise  might  be  overlooked. 

The  ophthalmometer,  together  with  the  disk  of  Plaeido  (see  p.  659, 
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I'ol.  I and  p.  6834,  Vol.  IX  of  this  Encyclopedia)  is  also  of  the  great- 
est value  in  finding  the  most  regular  part  of  a corneal  surface  af- 
fected with  central  or  other  scars  or  in  certain  cases  of  conical 
cornea.  Mainly  by  the  aid  of  these  appliances  what  was  at  one  time 
a most  tedious  and  in  many  instances  a hopeless  task — the  “fitting” 
of  glasses  in  irregular  astigmatism  becomes  a comparatively  easy 
procedure. 


lllnstraUve  Cases. 

Irregular  astigmatism  associated  with  a high  degree  of  regular 
astigmatislm  following  perf&t'ating  ulcer  of  the  cornea;  Marked  de- 
crease both  of  the  irregular  and  regular  astigmatism,  ivith  attend- 
ant increase  of  vision  in  one  year’s  time. 

This  is  an  interesting  case,  because  of  the  changes  in  the  shape 
of  the  cornea  after  the  healing  of  an  ulcer.  These  alterations  were 
studied  by  means  of  the  ophthalmometer,  and  noted  for  a long  pe- 
riod. D.  L.,  aged  32,  first  came  under  observation  for  treatment  of 
ulcerative  keratitis  with  hypopion.  A large  sloughing  ulcer  covered 
the  lower  half  of  the  cornea,  extending  up  almost  to  its  centre;  the 
anterior  chamber  was  half  full  of  pus.  The  patient  recovered  in  two 
weeks  but  not  without  the  ulcer  perforating.  Fortunately  there 
was  no  iris  prolapse,  the  pupil  remained  circular,  central,  and  active, 
and  the  patient  eventually  perceived  hand  movements  at  2 feet.  A 
little  over  a month  afterwards  the  eye  was  quiet,  the  pupil  was  cen- 
tral and  active,  and  the  lower  outer  quadrant  of  the  cornea  was  cov- 
ered by  a dense  opacity.  The  lower  inner  quadrant  exhibited  a dif- 
fuse opacity  extending  to  the  lower  edge  of  the  pupil. 

Ophthalmometer:  the  right  eye  had  .50  D.  astigmatism  with  the 
rule,  axis  120°  + or  30°  — ; left  eye  showed  marked  irregular  astig- 
matism, with  a large  amount  of  regular  astigmatism  with  the  rule, 
12  D.,  axis  45°  + or  135°  — . * 

Test  cards  and  trial  lenses. 

20 

R.  V.  = — : not  improved ; 

20 

10  20 

L.  V.  -=  — : — W.  — 9 D.  cyl.,  135°. 

200  100 

Ophthalmoscope : H.  1 D.  right  eye.  The  fundus  of  the  left  eye 
is  seen  indistinctly,  the  outline  of  the  disk  is  irregular,  and  the  blood- 
ves.sels  distorted  and  but  partly  seen;  that  is,  a portion  of  a vessel 
was  visible  one  moment,  to  be  lost  the  next  if  either  the  o(phthalmo- 
scope  or  the  patient’s  head  moved. 

Three  months  later  a second  test  was  made. 

Ophthalmometer:  The  astigmatism  was  the  same  as  at  the  first 
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test  in  the  right  eye;  in  the  left  eye  irregular  astigmatism,  not  so 
marked  as  before,  and  regular  astigmatism  against  the  rule,  8.50  1)., 
axis  15°  + or  105°  ^ — . 

Test  cards  and  trial  lenses. 

20 

R.  V.  — [-  : not  improved ; 

20 

20  20 

h.  Y.  = — : h W.  — 7.50  D.  cvh,  105°. 

200  100 

A little  over  a year  after  the  first  examination  the  following  im- 
provement was  noted. 

Ophthalmometer:  Finding  the  same  in  the  right  eye  as  before; 
moderate  amount  of  irregular  astigmatism  with  regular  astigma- 
tism with  the  rule  (as  on  the  first  test),  3 D.,  axis  45°  -]-  or  135°  — , 
left  eye. 

Test  cards  and  trial  lenses. 

20 

R Y.  1-  : not  improved ; 

20 

20  20 

L.  Y.  : — W.  — 3D.  cyl.,  135°. 

100  70 

The  most  interesting  feature  of  the  case  was  the  remarkable  change 
in  the  character  and  amount  of  the  astigmatism  in  the  left  eye. 
Twelve  diopters  of  regular  astigmatism  with  the  rule  associated  with 
marked  irregular  astigmatism  changed  a little  over  three  months’ 
time  to  8.50  D.  against  the  rule;  and  then  in  nine  months  the  regu- 
lar astigmatism  diminished  to  3 D.  with  the  ride,  and  returned  to 
the  same  axis  exactly  as  at  first,  and  with  marked  improvement  in 
the  regular  astigmatism. 

Irregular  astigmatism  in  each  eye  associated  with  a l.arge  ccmount  of 

mixed  regidar  astigmatism;  Marked  asthenopia ; Vision  consid- 
erably improved  and  asthenopia  relieved  by  correcting  lenses. 

B,  G.,  aged  21,  general  health  only  moderately  good,  has  had  trou- 
ble with  her  eyes  since  childhood,  after  an  attack  of  measles.  Three 
5'ears  ago  had  an  attack  of  la  grippe,  which  weakened  her  general 
strength  very  much ; since  then  she  has  had  recurrent  ulcers  on  the 
margins  of  each  cornea. 

At  present  the  come®  have  a row  of  dense  opacities  at  the  periphery 
about  3 mm.  in  diameter,  separated  by  a small  portion  of  clear  cor- 
nea from  each  other.  The  opacities  encircle  the  cornea  and  resemble 
the  small  scars  left  on  the  cornea  after  an  episcleritis.  The  center 
of  each  cornea  is  clear,  but  the  healing  of  the  marginal  ulcers  has 
evidently  caused  some  uneven  tension  of  the  cornea  and,  as  a conse- 
quence (in  the  left  eye  especially)  the  surface  of  the  clear  portion 
of  the  cornea  is  uneven.  This  fact  is  made  quite  plain  by  the  dis- 
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tortion  of  the  images  of  the  ophthalmometer  mires  and  of  the  cir- 
cles on  Placido’s  disk. 

The  patient  has  been  wearing  glasses  for  two  j’^ears,  bnt  they  do 
not  relieve  the  pain  in  her  eyes  and  head. 

Oplitlmlmometer:  irregular  astigmatism  and  regular  asti^atism 
against  the  rule,  3 D.,  axis  135°  -|-  or  45°  — right  eye.  I^^^gnlar 
astigmatism  and  regular  astigmatism  with  the  rule,  5 D.,  axis  75  + 
or  165°  — left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  Y.  = — : — W.  + 2.75  D.  cyl.,  135°  ; 

20  20 

20  20 

L.  V.  = — : — W.  + 3.25  D.  cyl.,  75°  — .75  D.  cyl.,  165°. 

70  50 

Reads  Jaeger  No.  1 from  5 to  15  inches. 

OphtJudmoscvpe.  II.  2 D.  at  45  and  M.  1 D.  at  135  right  eye; 

H.  3 D.  at  165°  and  M.  1 D.  at  75°  left  eye.  The  fundus  of  each 
eye  is  somewhat  hazy  and  indistinct,  and  the  measurement  with  the 
ophthalmoscope  doubtful. 

Second  test  one  day  later. 

Ophthalmmneter  Irregular  astigmatism  in  both  eyes.  Regular 
a.stigmatism  against  the  rule,  2.75  D.,  axis  140°  or  50°  — right  , 

eye;  regular  astigmatism  with  the  rule,  4.50  D.,  axis  75° 

165°  — left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R V.  = — : with  -|-  2 D.  cyl.,  140°  — .75  D.  cyl.,  50°  , 

50  20 

20  20 

L.  V.  = — : — with  -(-  3 1^^°’ 

70  50 

Two  days  later  a third  test  was  made  with  results  like  the  second, 
and  glasses  were  ordered  as  cross-cylinders.  These  glasses  were  worn 
constantly  and  proved  satisfactory  for  the  six  months  she  was  under 
obervation. 

Slight  irregular  astigmatism  associated  with  mixed  astigmatism  of 

large  amo-unt,  against  the  rule,  left  eye;  Emmetropia,  right  eye. 

C.  J.  S.,  aged  27,  in  perfect  health,  came  on  account  of  poor  vision 
in  his  left  eye.  Five  yeai-s  before  he  had  had  gonorrheal  ophthalmia 
in  this  eye,  with  perforating  ulcer  of  the  cornea.  There  is  a small 
dense  opacity  at  the  lower  portion  of  the  cornea,  but  with  no  anterior 
.synechia;  the  pupil  is  central,  circular,  and  active.  He  was  -fitted 
to  gla.sses  shortly  after  recovery  from  the  ophthalmia,  and  these  have 
given  satisfaction  until  the  last  two  months.  The  left  eye  has  pained 
for  the  last  two  months  after  close  work  of  any  kind. 

Oplithalmcymeter:  regular  astigmatism  with  the  rule,  .50  D.,  axis 
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90°  or  180°  — right  eye;  slight  irregulp  astigmatism,  also  regu- 
lar astigmatism  against  the  rule,  4 D.,  axis  140°  + or  50°  — left 
eye. 

Test  cards  and  trial  lenses. 

20 

R.  V.  : not  improved. 

15 

20  20 

L.  V.  : W.  -f  2 D.  cyl.,  140°  — 1.50  D.  cyl.,  50°. 

200  20 

Reads  Jaeger  No.  1 from  6 to  21  inches. 

Ophthalmoscope:  H.  .50  D.  right  eye;  H.  2 D.  at  50°  and  M.  2 D. 
at  140°,  left  eye. 

Two  days  later,  a second  test  was  made,  the  patient  accepting  ex- 
actly the  same  glass  as  at  the  first  test.  Ordered  a plane  glass,  right, 
and  -f  2 D.  cyl.,  140°  — 1.50  D.  eyl.,  50°,  left  eye.  The  glasses  gave 
him  complete  relief  from  pain  in  the  eye. 

This  patient  was  kept  under  observation  for  more  than  two  years, 
and  at  the  end  of  that  time  he  continued  to  wear  the  same  glass  with 
comfort. 

The  irregular  astigmatism  was  but  slight  in  this  case,  yet  enough 
to  be  detected  by  the  ophthalmometer,  and  this  could  be  done  espe- 
' cially  when  the  arc  was  in  the  vertical  meridian.  The  fact  that  the 
cornea  was  perfectly  transparent  at  the  point  of  intersection  by  the 
visual  line  allowed  good  vision  when  the  regular  astigmatism  was 
corrected.  The  amount  of  amblyopia  that  is  usually  present  in  such 
cases  was  absent  in  this  case,  perhaps  because  the  astigmatism  was 
acquired,  and  not  of  the  usual  congenital  origin. 

h'regular  astigmatism  associated  with  a large  amount  of  regular  (^- 

tigmatism  with  the  rule  in  each  eye;  Antimetropia ; Trichiasis; 

Asthenopia;  Relief  with  operation  and  glasses. 

W.  B.  L.,  aged  29,  in  good  health,  has  been  troubled  with  his  eyes 
since  he  was  fourteen  years  old.  His  ocular  troubles  began  with  in- 
flammation of  the  lids,  followed  by  “ulcers  on  the  eyes,”  and  for 
the  last  four  3'^ears  he  has  had  “wild  hairs”  that  he  pulled  out  from 
time  to  time. 

On  account  of  the  trichiasis  and  slight  entropion  of  the  left  upper 
lid  an  operation  was  performed  before  glasses  were  fitted.  Two 
weeks  after  the  operation  the  first  test  was  made. 

OphthaUnometer : astigmatism  with  the  rule,  6 D.,  75°  + or  165°  — , 
with  irregular  astigmatism  right  eye ; astigmatism  with  the  rule,  6 D., 
80°  or  170°  — , with  irregular  astigmatism,  left  eye.  In  spite  of 
the  irregular  astigmatism  a marked  regular  astigmatism  was  pres- 
ent and  measurable  with  reasonable  accuracy. 

Test  cards  and  trial  lenses. 

10  20 

R.  V.  = — : — W.  — 3.50  D.  — 4.50  D.  cyl.,  170°. 

200  50 
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10  20 

L.  Y.  = _ : _ W.  + 4.50  D.  cyl.,  80°. 

200  50 

Reads  Jaeger  No.  1 at  8 inches. 

Ophthalmoscope:  M.  10  D.  at  90°  and  5 D.  at  180'°  right  eye;  Em. 
at  90°  and  H.  5 D.  at  180°  left  eye.  There  are  a few  fine,  scattered 
opacities  on  the  right  cornea ; on  the  left,  especially  at  the  upper 
margin,  the  punctate  scars  are  more  numerous,  giving  a faint,  hazy 
view  of  the  fundus. 

Four  days  later  a second  test  of  the  left  eye  was  made,  when  the 
patient  accepted  the  same  glasses  as  at  the  first  examination.  The 
same  cylinder  was  accepted  by  the  right  eye,  but  with  a half  diopter 
weaker  spherical  lens.  Ordered:  — 3D.  — 4.50  D.  cyl.,  170°  right 
eye;  + 4.50  D.  cyl.,  80°  left  eye. 

This  patient  was  kept  under  observation  for  fifteen  months,  and 
the  glasses  were  at  that  time  worn  with  satisfaction  and  relief  from 
his  asthenopic  symptoms. 

Considering  the  fact  that  this  was  a ease  of  antimetropia,  that  a 
moderate  degree  of  irregular  astigmatism  was  present  in  each  eye, 
together  with  a large  amount  of  regular  astigmatism,  the  result  was 
gratifying.  The  axis  of  the  cylinder  in  the  right  eye  did  not  agree 
with  the  reading  of  the  ophthalmometer  by  5°,  and  1.50  D.  of  astig- 
matism had  to  be  deducted  from  the  reading  of  the  instrument  in 
each  eye,  instead  of  .50  D.  as  is  usually  the  case  when  the  astigmatism 
is  with  the  rule.  ___ 

Irregular  astigmatism  associated  with  compound  myo'pic  astigma- 
tism against  the  rule,  left  eye;  Compound  my^ic  astigmatism 

against  the  rule,  right  eye;  Asthenopia;  Relief  with  glasses. 

S.  M,  B.,  aged  16,  in  good  general  health,  came  on  account  of  poor 
Hsion  and  pain  in  the  left  eye.  She  had  a perforating  corneal  ulcer 
when  eight  years  of  age,  and  since  then  has  seen  poorly  in  that  eye. 
She  does  not  see  the  blackboard  well  at  school.  The  patient  1ms  worn 
— .50  D.  sphere  on  each  eye  for  the  last  six  months,  but  with  little 
improvement  in  vision. 

Ophthalmometer:  astigmatism  with  the  rule,  .50  D.,  axis  90°  + 
01-  ]80°  — , right  eye;  irregular  astigmatism,  with  regular  astigma- 
tism against  the  rule,  2.50  D.,  axis  30°  -(-  or  120°  — , left  eye. 

Test  cards  and  trial  lenses. 


20 

20 

R. 

V. 

= 



- w.  — 

1.25  D. 

50 

20 

10 

20 

L. 

V. 

= — 

: — 

w.  — 

4 D.  — cyl.,  120° 

200  70 

Reads  Jaeger  No.  1 from  4 to  15  inches. 

Ophthalmoscope:  M.  1 D.  right  eye;  M.  4 D.  at  120°  and  6.50  D. 
at  30°  left  eye.  There  is  an  opacity  on  the  left  cornea  about  3 mm. 
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in  diameter,  and  an  anterior  synechia  at  the  lower  pupillary  margin 
of  the  iris  in  the  vertical  meridian.  The  fnndus  in  each  eye  is  nor- 
mal. 

2nd  test.  Ophthalmometer : astigmatism  with  the  rule,  .25  D.,  axis 
90°  _|-  or  180°  — , right  eye;  the  same  reading  in  the  left  eye  as  at  the 
first  test. 

Test  card^  and  trial  lenses. 

20  20 

R.  V.  = — : — W.  — .75  D.  — .25  1).  cyl.,  90°. 

50  20 

10  20 

L.  V.  = — : — W.  — 3.50  D.  — 2 D.  cyl,  120°. 

100  70 

Reads  elaeger  No.  1 from  4 to  15  inches. 

The  ophthalmoscope  gave  the  same  result  as  at  the  first  test. 

These  last  glasses  were  ordered  to  be  worn  constantly.  They  gave 
immediate  relief  and  were  worn  for  a little  over  a year  with  comfort, 
hut  at  the  end  of  that  time  she  came  again,  complaining  of  pain  in 
the  eyes  and  of  burning  and  itching  of  the  eyelids.  After  treating  ' 
the  eyelids  for  a week  the  eyes  were  again  tested  with  the  following  | 
results : 

Ophthalmometer:  astigmatism  with  the  rule,  .25  D.,  axis  90°  -f 
or  180°  — , right  eye;  irregular  astigmatism  and  regular  astigmatism 
with  the  rule,  2.50  D.,  axis  45°  -(-  or  135°  — left  eye. 

Test  cards  and  trial  lewises. 

20  20 

R.  V.  = — : — AV.  — ID.  — .50  D.  cyl.,  90°. 

50  20 

10  20 

L.  V.  = — : — W.  — 3.50  D.  — 1.50  D.  cvl.,  135°. 

200  70 

Reads  Jaeger  No.  1 from  4 to  16  inches. 

Ophthalmoscope:  M.  1.50  D.  right  eye;  M.  4 D.  at  135°  and  M. 

6 D.  at  45°  left  eye.  Normal  fundus  in  each  eye. 

On  a second  test,  the  patient  accepted  the  same  glasses,  and  they 
were  ordered.  AVhile  under  observation  (two  months)  they  have 
given  relief  from  the  pain  in  the  eyes. 


CHAPTER  XVII. 

REFRACTION  AND  ACCOMMODATION  IN  CONICAL  CORNEA. 

All  the  patience,  skill  and  art  the  ophthalmic  surgeon  possesses 
must  he  exercised  continually  Avhen  testing  for  glasses  in  cases  of  con- 
ical cornea.  In  the  lower  grades  the  task  is  fairly  easy  but  in  ad- 
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vaneed  eases  the  task  is  a difficult  one.  Tlie  most  valuable  objective 
test  is  that  with  the  ophthalmometer,  and  next  to  this  instrument 
ranks  the  retinoseope.  The  subjective  testa  with  trial  lenses  is  often 
facilitated  by  the  use  of  the  stenopaic  slit. 

In  conical  cornea  there  is  always  more  or  less  irregular  astigmatism ; 
and  while  the  ophthalmometer  is  not  capable  either  of  measuring  its 
amount  or  of  placing  its  meridians  with  exactness,  yet  we  are  often 
able  closely  to  approximate  them.  Even  in  extreme  cases,  when  the 
center  of  the  cornea  is  occupied  by  an  opacity,  or  is  so  conical  that 
it  is  no  longer  useful  for  visual  purposes,  the  ophthalmometer  and 
Plaeido’s  disk  may  enable  us  to  select  the  most  suitable  and  clearest 
portion  of  it  outside  of  the  center,  near  or  in  the  visual  area,  that  is 
best  for  visual  purposes.  If  this  favorable  spot  is  too  far  from  the 
visual  area,  and  not  directly  in  front  of  the  pupil,  an  optical  iri- 
dectomy (see  p.  6578,  Vol.  IX  of  this  Encydopedia)  may  be  per- 
formed behind  it.  Not  only  are  we  able  to  select  this  spot  with  the 
ophthalmometer  but  in  many  cases  we  may  by  its  aid  measure  the 
local  astigmatism  (only  approximately  of  course)  and  thus  improve 
the  vision — generally  with  cylinders.  In  the  high  degrees  of  astig- 
matism that  obtain  in  conical  cornea,  and  sometimes  following  cata- 
ract extraction,  it  is  necessary  to  add  an  extra  prism  to  the  ophthal- 
mometer, which,  while  it  decreases  the  size  of  the  ima.ge  of  the  mires 
one-half,  makes  it  possible  to  measure  much  higher  degrees  of  astig- 
matism than  with  the  usual  prism. 

See,  also,  Keratoconus,  p.  6824,  Vol.  IX  of  this  Encyclopedia. 

The  following  case  of  conical  cornea  will  serve  to  illustrate  the 
points  referred  to. 

Conical  cornea,  'marked  in  the  right  eye,  less  in  the  left;  Irregidar 
astigmatism-;  No  improvement  ivith  glasses  in  the  right,  hut  vision 
brought  from  6/200  to  20/50  ivith  glasses  in  the  left  eye. 

N.  F.,  aged  33,  general  health  poor,  being  subject  to  sick  head- 
aches, especially  severe  at  the  menstrual  periods.  She  had  good 
sight  until  she  was  thirteen  years  of  age,  when  .she  began  to  men- 
struate very  profusely,  losing  great  quantities  of  blood  at  each  pe- 
riod, when  the  sight  began  to  fail  rapidly,  particularly  in  the  right 
eye.  She  became  anemic,  and  her  vision  continued  to  grow  worse 
for  two  years,  after  which  time  it  appeared  to  remain  about  as  it  now 
is.  She  had  considerable  pain  in  the  eyes  for  the  first  two  years. 
Besides  tonics,  she  has  had  prescribed  minus  5 D.,  left,  which  gave 
20 

her  — , but  no  improvement  in  the  right. 

200 

Ophthalmometer:  astigmatism  against  the  rule  (about  4 D.,  axis 
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165°  _|_  or  75°  +)  with  irre^lar  astigmatism,  right  eye;  astigma- 
tism against  the  rule,  8 D.,  axis  30°  + or  120°  — , left  eye,  with  ir- 
regular astigmatism. 

Test  cards  and  trial  lenses. 


1 

R.  V,  — : not  improved. 

200 

6 20 

L.  V.  — : — W.  — 10  D.  cyl.,  120°. 
200  50 


Reads  Jaeger  No.  1 from  4 inches  to  10  inches  with  the  left  eye. 

Ophthalmoscope  shows  an  extreme  degree  of  conical  cornea  right, 
and  a marked  amount,  left  eye.  The  shadow-crescent  of  conical  cor- 
nea is  well  shown  in  each  eye,  especially  in  the  right,  where  it  sug- 
gests an  opacity  of  the  lens,  but  oblique  illumination  shows  a clear 
lens  and  transparent  cornea.  There  were  no  opacities  in  the  vitre- 
ous, and  the  fundus  appeared  normal. 

Rctinoscopy  was  useless  in  this  case,  and  the  oplithalmoscope  was 
of  but  small  service  in  the  estimation  of  the  refraction,  as  was  the 
subjective  test  with  the  clock-dial.'  The  ophthalmometer,  the  test 
case  and  trial  lenses  were  the  methods  of  value  in  deciding  what 
lenses,  if  any,  should  be  worn. 

After  several  tests  with  and  without  a mydriatic,  in  which  all  of 
the  results  substantially  agreed,  we  ordered  for  the  right  — 5 D. 
sphere  (simply  to  balance  the  glass  in  the  left  eye),  and  for  the  left 
— 10  D.  cyl.,  120°,  in  the  form  of  a periscopic  sphero-cylinder.  In- 
stead of  giving  a — 10  D.  cyl.,  120°,  a compound  lens  was  ordered, 
— ^ 5 D.  — 10  D.  cyl.,  120°  -f  5 D.  That  is,  a -f  5 sphere  was  ground 
on  one  side  of  the  gla.ss,  and  — 5 D.  sphere  and  — 10  D.  cyl.,  120° 
were  ground  on  the  other  side.  In  effect,  this  glass  is  the  same  as 
the  — 10  D.  cyl.,  120°.  For  reading,  the  patient  was  given  the  same 
lens  in  the  right  eye  ( — 5 D.)  for  distance;  in  the  left,  -f-  3.50  D. 
cyl.,  30°  — 6.50  D.  cyl.,  120°,  which  magnified  the  print  more  than 
the  distance  glasses. 

The  first  few  days  the  patient  wore  her  glasses  they  made  her  very 
dizzy  and  she  could  not  wear  them  in  the  street,  but  after  a few  days’ 
trial*  she  was  able  to  go  about  at  will ; eventually  ordered  lenses  both 
on  the  street  and  for  reading.  Her  headaches  were  made  worse  and 
the  attacks  more  frequent  for  the  first  few  weeks  after  putting  on 
the  glasses ; but  her  vision  was  so  much  improved  that  she  persisted 
in  the  use  of  the  glasses,  and  four  months  after  the  headaches  were 
much  less  frequent  and  less  severe.  For  the  past  few  weeks  she  has 
not  had  a single  headache. 

We  not  only  measured  this  patient’s  cornea  near  the  center  (where 
the  visual  lines  cut),  but  15°  above,  below,  in,  and  out.  We  also  lo- 
cated the  extreme  tip  of  the  cone  in  each  eye,  which  was  down  and 
out,  between  7°  and  8°  from  the  center  of  the  cornea  in  each. 

The  disk  of  Placido  was  of  value  in  this  case,  and  Ave  give  drawings 


I 


of  its  reflections  from  the  cornea  in  each  eye.  The  marked  flatten- 
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iiig  of  the  circles  into  regular  ovals  is  well  shown,  the  latter  being 
more  drawn  out  on  the  side  away  from  the  center  of  the  cornea 
(see  Figs.  107  and  108). 


15°  BELOW 


rig.  107  (left  eye).  (After  Davis.) 


16°  BELOW 


Fig.  108  (right  eye).  (After  Davis.) 

Right  Eye;  The  Radius  of  Curvature  at  the  Center  (where  the  visual  line 
intersects,  in  the  meridian  at  TS**  was  4.38' mm.,  with  a refractive  power  of  76  D. 
The  meridian  at  165°  had  a radius  of  only  4.16  mm.,  with  a refractive  power 
of  80  D. 

The  ophthalmometric  readings  in  this  case,  as  indicating  the  ra- 
dius of  curvature  and  the  refractive  power  of  the  cornea  in  its  two 
chief  meridians  at  various  points  on  its  surface  are  also  given  in  the 
figure. 

Vol.  XrV— 4 8 
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Of  course  these  results  are  only  approximate,  because  the  aberra- 
tion was  marked  and  the  irregular  astigmatism  so  considerable  that 
the  images  of  the  mires  were  indistinct  and  irregular  in  outline; 
not  so  indistinct,  however,  that  aipproximate  measurements  could 
not  be  made.  While  the  irregular  astigmatism  was  very  consider- 
able, it  was  not  nearly  so  evident  as  after  many  cases  of  cataract  ex- 
traction, or  in  some  instances  of  corneal  opacity. 

The  radius  of  curvature  of  the  cornea  changed  greatly  in  the  same 
meridian;  for  instance,  15°  below  the  center,  in  the  meridian  at  75°, 
the  radius  was  5.38  mm.,  that  is,  one  mm.  longer  than  at  the  center 
and  with  a refraetive  power  of  62  D.  as  against  76  D.  at  the  center. 
The  radius  in  the  meridian  at  165°  was  4.76  mm.,  with  a refractive 
power  of  70  D. 

By  these  measurements  it  will  he  seen  that  while  the  radius  of 
curvature  has  increased  in  length  in  each  meridian,  relatively  it  in- 
creased more  rapidly  in  the  meridian  at  75°  than  it  did  at  165°. 
Therefore  the  astigmatism  is  much  more  marked  15°  below  the 
center  of  the  cornea  than  at  its  center;  in  fact,  just  twice  as  great, 
or  8 D.  The  left  eye  could  be  measured  with  greater  precision  than 
the  right  because  the  cone  was  not  so  marked. 

The  radius  of  curvature  at  the  center  (in  the  meridian  at  120°) 
was  6.20  mm.,  with  a refractive  power  of  50  D.,  while  the  radius  in 
the  meridian  at  30°  was  5.96  mm.,  with  a refractive  power  of  56  D. 
The  mires  of  the  ophthalmometer  when  turned  from  the  second  posi- 
tion, after  being  approximated  back  to  the  primary  position,  over- 
lapped eight  steps,  indicating  an  astigmatism  of  8 D.  against  the 
rule.  In  the  right  eye,  there  was  a similar  difference  in  the  refrac- 
tive power  of  the  two  ehief  meridians,  estimated  in  the  same  way. 

Fifteen  degrees  below  the  center  (left)  the  ophthalmometer  showed 
astigmatism  against  the  rale,  5 D.,  165°  + oi’  — • The  radius 

of  curvature  in  the  meridian  at  75°  was  6.18  mm.,  with  a refractive 
power  of  54  D.,  while  the  meridian  at  165°  had  a radius  of  5.75  mm., 
with  a refractive  power  of  58  D.  Fifteen  degrees  to  the  temporal 
side  of  the  center  of  the  cornea,  the  ophthalmometer  showed  astigma- 
tism against  the  rule,  6 D.,  150°  or  60°  — . The  radius  of 
curvature  in  the  meridians  at  60°  was  6.96  mm.,  with  a refractive 
power  of  48  D.,  while  the  meridian  at  150°  had  a radius  of  6.18  mm., 
with  a refractive  power  of  54  D.  Fifteen  degrees  above  the  center, 
the  ophthalmometer  showed  astigmatism  against  the  rule,  11  D., 
axis  15°  or  105°  — . The  radius  of  curvature  in  the  meridian  at 
105°  was  9.33  mm.,  with  a refractive  power  of  only  36  D.,  while  the 
radius  at  15°  was  7.11  mm.,  with  a refractive  power  of  47  D.  Fif- 
teen degrees  to  the  nasal  side  of  the  center,  the  ophthalmometer 
showed  astigmatism  with  the  rule,  13  D.,  axis  75°  -f-  or  165°  — . The 
radius  at  75°  was  7.11  mm.,  with  a refractive  power  of  47  D.,  while 
the  meridian  at  165°  had  a radius  of  9.88  mm.,  with  a refractive 
power  of  34  D. 

Although  both  the  chief  meridians  of  the  left  eye  at  the  center  (the 
point  cut  by  the  visual  line)  had  a radius  of  curvature  much  shorter 
than  the  average  (7.82  mm.) — from  which  we  would  expect  some 
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myopia  in  addition  to  the  astigmatism — nevertheless  the  patient 
would  not  accept  a minus  sphere ; neither  would  she  accept  any  plus 
glass,  cylinder  or  sphere,  either  with  or  without  a cycloplegic. 

Irregular  U'Stigmatis^m  complicating  a ccnnpound  hypermetropic  as- 
tigmati^n-  with  the  rule,  right  eye;  Mixed  astigmatism  against  the 
rule,  left  eye;  Blepharitis  and  recurrent  styes;  Complete  relief 
loith  glasses. 

A.  van  E.,  aged  30,  complains  of  redness  of  lids  and  that  styes 
form  now  and  then. 

Ophthalmometer : astigmatism  with  the  rule,  2 D.,  axis  90°  + or 
100°,  right  eye;  astigmatism  against  the  rule,  4.50  D.,  axis  10°  -f-  or 
100°,  left  eye.  Irregular  astigmatism,  each  eye;  corneal  opacities. 
Test  cards  and  trial  lenses. 

20  20 

R.  V.  = — : — with  4-  .75  D.  = + 1.25  D.  cyl.,  90°. 

50  15 

20  20 

L.  V.  = — : — with  — .50  D.  = + 4.50  D.  cyl.,  10°. 

200  40 

Reads  Jaeger  No.  1 from  5^2  to  16  inches. 

Ad.  8°,  ah.  5°,  sur.  L.  & R.  2°. 

Ophthalmoscope  shows : H.  1 D.  at  90,  and  2 D.  at  180,  right  eye ; 
H.  4 D.  at  100,  and  M.  50  D.  at  10,  left  eye. 

The  retinoscope  confirms  the  subjective  tests.  Ordered: 

R.  + .75  D.  = 4 1.25  cyl.,  90°. 

L.  — .50  D.  = 4 4.50  cyl.,  10°. 

This  patient  was  seen  again  in  four  years,  when  the  glasses  were 
still  satisfactory. 


CHAPTER  XVIII. 

EXCEPTIONAL  CASES  OF  REFRACTION. 

By  exceptional  cases  are  meant  those  in  which  the  results  of  the  us- 
ual subjective  examinations  of  ametropia  differ  widely  from  those 
indicated  by  the  objective  tests.  An  example  of  this  condition  oc- 
curs when  the  readings  of  the  ophthalmometer  differ  from  the  sub- 
jective findings  as  much  as  15°,  as  regards  astigmatic  meridians,  and 
as  much  as  1 D.  in  the  amount  (except  after  cataract  extraction)  of 
the  astigmatism.  The  following  factors  must  be  considered  when 
dealing  with  exceptional  cases  of  refractive  errors  and  accommodative 
anomalies:  abnormal  lenticular  astigmatism,  from  whatever  cause; 
[msition  of  the  lenses  in  front  of  the  eyes ; the  angle  alpha,  and  lack 
of  centering  of  the  cornea  and  the  lens;  astigmatism  of  the  posterior 
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surface  of  the  cornea;  contraction  of  the  recti  muscles;  spherical 
aberration;  imperfect  instruments. 

As  before  stated,  the  corneal  astigmatism  as  measured  by  the 
ophthalmometer  differs  from  the  total  astigmatism  of  the  dioptric 
apparatus  to  the  extent  of  about  .50  D.  to  .75  D.,  in  the  great  ma- 
jority of  cases.  When  the  corneal  astigmatism  is  “with  the  rule,” 
the  total  astigmatism  is  found  to  be  less  than  the  corneal  by  .50  to 
.75  D.;  when  it  is  “against  the  rule”  it  exceeds  the  corneal  by  .50 
to  .75  D.  Since  the  introduction  of  the  ophthalmophakometer  (see 
p.  8934,  Vol.  XII  of  this  Encyclopedia)  the  lenticular  astigmatism 
may  be  measured  objectively. 

Lenticular  astigmatism:  Javal,  NordenSon,  Schiotz,  and  others 
have  established  the  undoubted  fact  that  lenticular  astigmatism 
amounts  as  a rule  from  .50  to  .75  D.  This  may  be  called  the  normal  » 
astigmatism  of  the  lens,  just  as  we  have  about  the  same  amount  of 
astigmatism  normally  present  in  the  cornea.  As  a rule  the  two,  in 
practice,  neutralize  each  other.  Sometimes  the  lenticular  astigma- 
tism amounts  to  1 or  1.50  D.,  or  (rarely)  even  to  2 D.,  or  more.  In  a 
case  of  lenticonus  anterior  in  the  writer’s  practice  it  was  7.50  D. 
See,  also,  p.  2877,  Vol.  IV  and  p.  7417,  Vol.  X of  this  Encyclopedia. 

Javal  {Memoires  d’OplitalmomHrie,  p.  121)  has  reported  a case 
of  lenticular  astigmatism  of  2 D.,  Carl  Weiland  {Archives  of  Oph- 
thalmi.,  Vol.  XXII,  1893),  one  of  similar  amount,  and  George  M. 
Black  (loc.  cit.,  Vol,  XXI,  1892)  a lenticular  astigmatism  of  3.50 
D.  But  all  of  these  are  exceptional  cases.  The  lenticular  astigmatism, 
as  a rule,  amounts  to  but  .50  to  .75  D.,  as  proved  by  abundant  sta- 
tistics, and  it  has  also  been  shown  that,  in  actual  practice  the  cor- 
neal astigmatism  is  diminished  or  increased  that  amount,  accordingly 
as  the  astigmatism  is  with  or  against  the  rule.  The  most  reasonable 
explanation  to  be  given  for  the  necessity  of  deducting  .50  to  .75  D. 
from  the  reading  of  the  instrument  when  the  astigmatism  is  with  the 
rule  aiid  adding  a like  amount  when  the  astigmatism  is  against  the 
rule  is  the  assumption  that  in  corneal  astigmatism  with  the  rule 
there  is  usually  associated  a lenticular  astigmatism  of  .50  to  .75  D., 

. in  the  same  meridian,  but  of  an  opposite  kind,  thereby  neutralizing 
that  amount  of  corneal  astigmatism.  In  astigmatism  against  the 
rule,  there  is,  on  the  other  hand  a lenticular  astigmatism  of  .50  to 
.75  D.  in  the  same  meridian  and  of  the  same  kind,  thereby  adding 
that  amount  to  the  corneal  astigmatism. 

This  can  be  explained  in  another  way.  In  corneal  astigmatism 
with  the  rule  the  lenticular  astigmatism  may  be  of  the  same  kind 
but  in  a meridian  at  right  angles  to  the  corneal  astigmatism ; in  which 


REFRACTION  AND  ACCOMMODATION 


11165 


case,  if  the  meridian  at  error  in  both  the  cornea  and  lens  were  myopic 
a simple  myopia  of  .50  to  .75  D.  would  be  produced.  In  corneal  as- 
tigmatism with  the  rule  (by  this  explanation)  the  lenticular  astig- 
matism must  be  of  an  opposite  kind  and  in  the  meridian  at  right 
angles  to  the  corneal,  if  the  total  is  to  amount  to  more  than  the  cor- 
neal. However,  the  firet  explanation  is  more  likely  to  be  the  true 
one,  and,  in  fact,  actual  measurements  (Bonders)  have  shown  it  to 
be  true;  and  the  ophthalmophakometer  confirms  this  view. 

Regular  lenticular  astigmatism  may  be  produced  (1)  by  an  oblique 
position  of  the  lens,  (2)  by  a slight  displacement  of  the  lens,  as  by 
sub-luxation,  or  (3)  by  unequal  curvature  of  its  surfaces.  Irregu- 
lar lenticular  astigmatism,  together  with  a large  amount  of  regular 
lenticular  astigmatism,  may  be  caused  by  a marked  luxation  of  the 
lens,  when  the  edge  of  the  lens  lies  in  the  pupillary  space,  by  lenticu- 
lar opacities  (as  in  beginning  cataract)  and  by  lenticonus.  We  may 
also  have  a dynamic  regular  astigmatism  produced  by  an  unequal  con- 
traction of  the  ciliary  muscle  (Dobrowlsky,  Javal).  See  p.  2871,  Vol. 
IV;  p.  6320,  Vol.  VII  and  p.  7202,  Vol.  X of  this  Encyclopedia. 

Bonders  {Refraction  and  Accommodation  of  the  Eye,  pp.  532, 
536)  has  reported  two  cases  of  lenticular  astigmatism;  one  “from 
congenital  eccentricity  of  the  ciystalline  lens”;  and  the  other  due 
to  an  oblique  position  of  the  lens,  with  no,  or  only  a slight,  lateral 
displacement  of  the  lens.  The  writer  has  qbserved  such  an  anomaly 
in  a case  of  aniridia.  Here,  because  of  the  complete  absence  of  the 
iris,  the  lens  could  be  seen  plainly.  When  the  patient  first  came 
under  observation  the  lens  was  vertical  and  not  displaced,  but  in  the 
course  of  eighteen  months  it  became  luxated  upward  to  a slight  ex- 
tent (about  iy2  mm.),  and  the  upper  edge  of  the  lens  was  tilted  back- 
ward. As  a consequence,  while  the  corneal  astigmatism  remained 
unchanged,  the  total  astigmatism  increased  1.50  B.  This  case  is 
reported  in  full  farther  on  in  this  section. 

Again,  astigmatism  of  the  lens  may  be  caused  by  an  unequal  cur- 
vature of  its  surface,  just  as  in  the  cornea.  Moreover,  the  principal 
meridians  of  the  lens  may  not  coincide  with  the  principal  meridians 
of  the  cornea. 

In  young  subjects  we  may  have  a regular  astigmatism  (dynamic) 
of  the  lens,  produced  by  an  unequal  contraction  of  the  ciliary 
muscle. 

Such  an  astigmatism  is  shown  by  paralyzing  the  accommodation 
with  atropin,  when  the  eye  with  a corneal  astigmatism  (shown  by  the 
ophthalmometer)  that  accepted  no  correction  befoi’e  the  use  of  a cyclo- 
plegic,  takes  a cylindrical  glass  after  its  employment.  From  this  evi- 
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dence  it  is  conclusive  that  corneal  astigmatism  must  have  been  cor- 
rected, in  whole  or  part,  by  a lenticular  astigmatism,  most  probably 
due  to  an  uneven  or  irregular  contraction  of  the  ciliary  muscle. 

Luxation  of  the  lens  not  only  produces  irregular  astigmatism,  hut 
causes  monocular  diplopia,  by  a part  of  the  lens  in  the  pupil  acting 
as  a prism.  Moreover,  the  refraction  of  the  rays  of  light  is  so  dif- 
ferent in  the  two  halves  of  the  pupil  that  everything  is  confused  to 
the  patient.  In  such  cases,  it  is  best,  as  a rule,  to  fit  the  aphakial 
part  of  the  pupil,  ignoring  altogether  the  half  with  the  lens,  as  the 
best  vision  is  to  be  obtained  by  so  doing.  Such  strong  glasses  blur  the 
images  completely  for  the  part  of  the  pupil  with  the  lens  in  it,  and 
this  does  away  with  the  double  vision  or  at  least  for  the  eyes  singly, 
although  it  may  be  present  when  both  eyes  are  used  together. 

Lenticular  opacities,  as  in  beginning  cataract,  produce  irregular 
astigmatism  and  often  cause  diplopia.  This  is  due  to  the  different 
sectors  of  the  lens  becoming  unequally  swollen  or  distorted  and  re- 
fracting light  rays  independently,  so  that  monocular  diplopia  or 
polyopia  results.  Glasses  do  not  improve  vision  much  or  at  all  in 
such  cases. 

There  are  a certain  number  of  cases  of  refractive  monocular  di- 
plopia and  polyopia  that  are  not  due  to  lenticular  opacities,  and 
which  are  entirely  relieved  by  glasses.  St.  John  Roosa  {Defective 
Eyesight)  emphasized  this  point,  and  says  ‘‘the  double  vision  quite 
often  seen  in  hypermetropia,  or  hypermetropic  astigmatism,  a di- 
plopia which  is  not  constant,  may  always  be  relieved  by  a correction 
of  the  error  of  refraction.  G.  J.  Bull  has  shown  that  this  so-called 
vision  is  often  to  be  described  as  the  imperfect  superposition  of  a 
series  of  faint  multiples  of  the  original  letter.  I believe  that  this  is 
the  correct  view  of  quite  a number  of  cases  of  polyopia  monocularis. 
It  explains  the  ease  with  which  such  cases  are  treated  by  correction 
of  the  error  of  refraction.  The  observer  who  will  make  himself 
astigmatic  to  a considerable  degree  will,  in  an  instant,  recognize  this 
doubling  of  vision,  which  is  the  result  of  an  uncorrected  error  of 
refraction  in  the  eye,  and  has  nothing  to  do  with  insufficiency  of  the 
muscles.  ’ ’ 

Lenticonus  may  be  a cause  of  irregular  astigmatism,  together  with 
a large  amount  of  regular  astigmatism,  though  such  cases  are  exceed- 
ingly rare. 

The  position  of  the  glass  in  front  of  the  eye  has  already  been  con- 
sidered in  speaking  of  the  correction  of  high  degrees  of  hyperme- 
tropia. 

Angle  alpha.  This  angle,  as  it  is  well  known,  is  formed  by  the 


REFRACTION  AND  ACCOMMODATION 


11167 


visual  axis  and  the  optic  axis,  the  former  usually  a tangent  of  the 
cornea  four  or  five  degrees  to  the  nasal  side  of  the  center  of  the  cor- 
nea, while  the  optic  axis  passes  through  the  cornea  at  its  center.  See 
p.  470,  Vol.  I of  this  Encyclopedia. 

Ordinarily,  when  using  the  ophthalmometer,  we  do  not  measure 
the  center  or  summit  of  the  cornea,  but  an  area  about  5°  to  the  nasal 
side  of  its  center,  for  we  direct  the  patient  to  look  into  the  center  of 
the  tube.  To  be  exact  in  measuring  the  astigmatism  of  the  cornea 
we  should  find  the  angle  alpha  first,  then  have  the  patient  look  a 
corresponding  number  of  degrees  to  the  nasal  side  so  that  the  center 
of  the  cornea  is  brought  into  position  to  be  measured.  That  the  as- 
tigmatism of  these  two  areas  may  be  different  has  been  shown  by 
Helmholtz,  Bonders,  Knapp,  and  others.  Knapp  showed  that  the 
refractive  power  of  the  cornea  in  one  and  the  same  meridian  at  a dis- 
tance of  1.25  mm.  from  the  center  of  the  cornea  (about  7°)  va- 
ried as  much  as  onc-third  diopter;  and  since  the  angle  alpha  may 
amount  in  exceptional  instances  to  as  much  as  12°,  it  is  easy  to  see 
how  the  astigmatism  at  that  distance  from  the  center  of  the  cornea 
might  differ  from  that  at  the  center.  In  fact,  where  the  astigmatism 
is  of  high  amount  and  the  angle  alpha  large,  it  can  be  shown  clin- 
ically that  the  astigmatism  varies  in  the  two  localities.  Bonders 
has  shown  that  the  surface  of  the  cornea  15°  from  the  center  becomes 
rapidly  fiatter  from  that  distance  on  to  its  periphery.  It  must  be 
remembered  that  in  using  the  ophthalmometer  we  do  not  measure 
the  whole  of  the  cornea,  but  only  a small  portion  of  it  about  12 
to  15°  (2.50  to  3 mm.)  in  diameter — with  its  center  at  the  point 
cut  by  the  visual  line.  It  can  be  readily  understood  that,  if  this 
point  is  12°  to  the  nasal  side  of  the  center  of  the  cornea,  the  point 
from  which  the  image  of  one  of  the  mires  is  reflected,  when  measui- 
iiig  the  horizontal  meridian,  must  be  still  farther  from  the  center 
of  the  cornea.  At  such  a distance  from  the  center  of  the  cornea 
the  surface  is  considerably  fiatter  than  at  the  center,  and  the  error 
in  measurement  in  such  an  instance  would  likely  be  considerable, 
especially  if  the  astigmatism  happened  to  be  of  high  amount.  Of 
course,  it  is  altogether  exceptional  to  have  an  angle  alpha  of  12°,  be- 
cause, it  rarely  amounts  to  more  than  5°,  and  often  not  to  more  than 
2°  or  3°.  It  may,  therefore,  except  in  very  high  degrees  of  astig- 
matism, be  left  out  of  consideration  altogether. 

By  means  of  the  disk  (of  Placido)  on  the  ophthalmometer  the 
center  of  the  cornea  is  easily  ascertained!  by  having  the  patient 
look  at  the  circle  marked  with  the  number  of  degrees  corresponding 
to  the  angle  alpha — to  the  nasal  side  when  the  angle  is  positive  (as 
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it  usually  is)  and  to  the  temporal  side  when  it  is  negative.  And 
this  stands  as  an  additional  reason  why  the  Placido  disk  should  not 
be  removed  from  the  ophthalmometer,  and  replaced  by  a plain  black 
disc,  as  is  done  by  some  instrument  makers. 

Astigmatism  of  the  posterior  surface  of  the  cornea.  The  poste- 
rior surface  of  the  cornea  may  be  astigmatic,  just  as  the  anterior 
surface,  rendered  so  by  its  principal  meridians  having  unequal  length 
of  radii  of  curvature.  Tscherning  has  invented  an  instrument,  the 
ophthalmophakometer,  for  measuring  the  posterior  surface  of  the 
cornea,  also  for  measuring  the  surfaces  of  the  lens.  This  instrument 
is  described  by  A.  Javal  {System  of  Diseases  pf  the  Eye,  Vol.  II, 
p.  135)  and  by  Tscherning  himself  {Physiological  Optics,  trans.  by 
Weiland,  p.  64).  See  the  first  part  of  this  section  for  a description  of 
the  instrument  and  its  mode  of  employment. 

By  actual  measurements  the  posterior  surface  of  the  cornea  is 
shown  to  have  a slightly  shorter  radius  of  curvature  than  the  ante- 
rior surface.  Javal  {loco  cit.,  p.  137)  commenting  on  this  observa- 
tion, says:  “The  posterior  surface  of  the  cornea  is  found  to  dimin- 
ish in  curvature  from  the  center  towards  the  periphery,  as  in  the 
case  of  the  anterior  surface,  and  in  case  of  corneal  asymmetry  it  ap- 
pears also,  as  might  be  expected,  to  follow  the  asymmetry  of  the  an- 
terior surface.  As  a concave  lens  of  asymmetrical  curvature,  the 
effect  of  the  cornea  is  to  compensate  in  some  degree  the  astigmatism  of 
the  anterior  corneal  surface  as  measured  by  the  ophthalmometer. 
The  maximum  compensation  due  to  this  cause,  so  far  as  has  been  ob- 
served, is  about  ID.  (as  estimated  for  an  eye  in  which  the  total  as- 
tigmatism measured  about  6 D.).” 

Contraction  of  the  recti  muscles.  In  a few  cases  the  recti  muscles 
can,  by  voluntary  action,  alter  the  corneal  astigmatism.  The  writer 
reported  such  a case  in  the  Manhattan  Eye  and  Ear  Hospital  Re- 
ports for  January,  1895.  The  patient  had  a corneal  astigmatism 
with  the  rule  of  .50  D.  which  he  could,  by  voluntary  action  of  the 
recti  muscles,  increase  to  2 D.  in  the  right  eye,  and  to  1.50  D.  in  the 
left  eye.  Under  a cycloplegic  he  could  still  increase  the  astigmatism 
in  the  right  eye  to  1.50  D.,  and  in  the  left  eye  to  1 D.  The  lids  were 
held  from  the  eye  so  that  they  could  not  influence  the  result. 

This  form  of  error^  might  be  called  a dynamic  corneal  astigmatism, 
just  as  we  may  have  a dynamic  lenticular  astigmatism  caused  by  an 
unequal  contraction  of  the  ciliary  muscle. 

Spherical  aberration.  In  very  high  degrees  of  astigmatism  the  im- 
ages of  the  mires  are  affected  by  spherical  aberration,  and  on  this 
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account  record  an  excess  of  error.  Leroy  and  Reid  have  dwelt  upon 
this  point  and  insist  that  the  proper  reduction  in  the  astigmatism 
measured  by  the  ophthalmometer  has"  to  be  made  if  it  is  to  accord 
with  that  found  on  subjective  examination.  See  p.  23,  Vol.  I of  this 
Encyclopedia. 


CHAPTER  XIX. 

CASES  EXHIBITING  DIFFERENCES  BETWEEN  OPHTHALiMOMETRIC  MEASURE- 
MENTS AND  SUBJECTIVE  FINDINGS. 

Corneal  astigmatism,  2.50,  with  the  ride;  Total  astigmatism  1.25  D. 
hy  subjective  examination. 

H.  H.,  aged  30,  in  good  health,  has  worn  glasses  for  three  or  four 
years;  came  on  account  of  headaches  and  pains  in  the  eyes,  especially 
after  using  the  eyes  for  close  work. 

Ophthalmometer.  Astigmatism  with  the  rule,  2.50  D.,  axis  90°  -f- 
or  180°  — in  each  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = — : h W.  — 1.25  D.  cyl.,  180°. 

50  20 

20  20 

L.  V.  = — : h W.  — 1.25  D.  cyl.,  180°. 

50  20 

Reads  Jaeger  No.  1 from  7 to  15  inches. 

Ophthalmoscope.  Em.  at  180°  and  M.  at  1.50  D.  at  90°  in  each 
eye.  After  'a  second  and  third  test  the  patient  would  not  accept  a 
stronger  cylinder  with  improvement  in  vision. 

In  this  case  1.25  D.  had  to  be  deducted  from  the  corneal  astigma- 
tism as  measured  by  the  ophthalmometer,  or,  what  amCunted  to  the 
same  thing,  the  patient  would  not  accept  the  cylinder  to  correct  the 
astigmatism,  as  indicated  by  the  instrument,  by  1.25  D.  She  was  under 
observation  for  more  than  two  years,  and  when  last  seen  the  glasses 
w’ere  satisfactory  and  the  eyes  comfortable. 

Corneal  astigmatism  with  the  ride,  1 D.  right  and  1.50  D.  left  eye. 
Patient  will  accept  no  cylindrical  glass;  Antimetropia;  Presbyopia. 
K.  E.  H.,  aged  43,*  in  robust  health,  has  never  worn  glasses,  though 
she  has  seen  poorly  with  the  right  eye  since  childhood. 

Ophthalmometer.  Astigmatism  with  the  rule,  1 D.  90°  or  180°  — , 

right  eye;  1.50  D.  90°  + or  180^  — , left  eye. 

Test  cards  and  trial  lenses. 

6 20 

R.  V.  : _ W.  — 13  D. 

200  100 
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20 

L.  V.  =«=  — : will  accept  no  glass. 

20 

Reads  Jaeger  No.  1 from  8 to  20  inches,  with  + 1.25  D.  sphere  left 
eye;  has  not  single  binocular  vision,  the  patient  using  the  left  eye 
for  both  the  distance  and  the  near  point. 

Ophthalmoscope.  M.  13  D.,  with  posterior  staphyloma  and  cho- 
roidal changes,  right ; Em.  left  eye. 

In  this  case  there  was  a corneal  astigmatism  in  the  better  eye  of 
1.50  D.,  which  was  probably  neutralized  by  a like  amount  of  len- 
ticular astgimatism.  Be  that  as  it  may,  the  simple  spherical  glasses 
are  perfectly  satisfactory,  a -f  1.25  D.  being  ordered  for  each  eye. 
Of  course  no  attempt  was  made  to  “fit”  the  right. 

Congenital  absence  of  the  iris;  Corneal  a-stigmatmn  with  the  rule, 
1.50  D.  right  and  2 D.  left,  axis  5°  and  175°,  respectively;  Total 
astigmatism  1 D.  each  eye,  with  the  same  axis  as  the  corneal  astig- 
matism;  In  eighteen  months*  time  the  corneal  astigmatism  did  not 
change,  hut  the  total  increased  to  2.50  D.  in  each  eye,  axis  180° 
each,  due  to  sliyht  luxation  upward  and  tilting  backward  of  the 
upper  edges  of  the  crystalline  lenses.  Coloboma  of  the  nght  lens. 

A.  M.  B.,  aged  6,  was  brought  by  her  mother.  Soon  after  the  birth 
of  her  child  she  noticed  something  peculiar  about  the  eyes.  As  the 
patient  grew  up  she  avoided  bright  lights  and  shut  the  eyes  when 
in  the  sunlight.  The  child  has  always  enjoyed  good  health  except 
for  the  ocular  trouble  and  defect.  Since  the  birth  of  this,  the  first 
child,  the  mother  has  been  delivered  of  two  other  children,  soimd 
in  every  respect.  Both  the  father  and  mother  are  healthy  and  with- 
out defect,  and  the  mother  says  that  this  is  the  first  member  of  either 
her  or  her  husband’s  family  thus  afflicted.  The  father,  mother,  and 
two  younger  children  are  all  slightly  hypermetropic,  while  the  patient 
has  compound  myopic  astigmatism. 

The  ophthalmmncter  reveals  astigmatism  with  the  rule,  1.50  D., 
axis  95°  + or  5°  — , right  eye;  2 D,  85°  + or  175°,  left  eye.  The 
ophthalmoscope  shows  complete  absence  of  the  iris  in  each  eye,  with 
nothing  but  a very  narrow  pigment-ring  at  the  extreme  periphery 
of  the  cornea.  None  of  the  ciliary  processes  can  be  seen  either  with 
the  ophthalmoscope  or  by  oblique  illumination.  The  lenses  are  trans- 
parent and  circular,  except  a slight  nick  in  the  lower  edge  of  the 
right.  The  vitreous  is  clear  and  the  fundus  normal  in  each  eye. 
The  fibres  of  the  zonule  of  Zinn  can  be  seen  distinctly  below  and  at 
the  sides,  but  not  so  plainly  above,  as  the  lenses  are  slightly  dis- 
placed upward.  The  diameter  of  the  lenses  can  be  seen  with  the 
ophthalmoscope  to  become  distinctly  smaller  when  the  patient  makes 
strong  efforts  at  accommodation. 

20  20 

R.  V.  = — : — with  — 4.50  D.  — ID.  cyl.,  5°. 

100  50 
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20  20 

L.  V.  = — : — with  — 5 D.  — ID.  cyl.,  175°. 

200  70 

Reads  Jaeger  No.  2 at  8 inches  with  these  glasses. 

The  above  lenses  (No.  2 London-smoke,  to  keep  the  excessive  light 
from  the  eyes)  were  ordered.  AVith  these  the  patient  pursued  her 
studies  with  comfort  for  eighteen  months.  The  tension  of  the  eye 
has  remained  normal. 

This  cnse  was  reported  to  the  New  York  Ophthalmological  Soci- 
ety eighteen  months  after  her  first  visit.  The  vision  at  that  date 
was  about  the  same  as  when  the  patient  first  came  under  observation. 
The  corneal  astigmatism  was  exactly  the  same,  but  the  total,  amount 
had  increased  considerably  (1.50  D.  in  each  eye)  owing  to  the  dis- 
placement of  the  lenses  a little  upward,  the  upper  margins  being 
tilted  slightly  backward.  The  myopia  has  also  increased  to  some 
extent.  The  patient  then  accepted  — 5 D.  — 2.50  D.  cyl.,  180°  right, 
and  — 6 D.  — 2.50  D.  cyl.,  180°  left.  The  lenses  remained  clear 
except  faint  striaa  in  their  lower  halves.  The  luxation  upward  is  not 
more  than  1 to  1^2  mm.,  and  not  enough  to  cause  diplopia. 

After  six*  years  the  patient  accepted  — 6 D.  3 — 3 cyl.  ax.  180°, 
each  eye. 

Distinct  striae  were  discovered  in  the  lower  part  of  each  lens. 
Thirteen  years  afterward  the  patient  was  seen  again,  when  the  lenses 
had  become  almost  completely  opaque,  and  still  farther  displaced 
upward.  Vision  was  reduced  to  15/200  each  eye.  * 

In  this  case  there  is  no  question  but  that  the  increase  in  the  total 
astigmatism  was  due  to  the  upward  luxation  and  backward  tilting  of 
the  upper  edge  of  the  crystalline  lens.  This  displacement  and  tilt- 
ing could  be  seen  plainly  because  of  the  absence  of  the  iris.  The 
ophthalmometer  showed  absolutely  no  increase  in  the  corneal  astig- 
matism. 

Antimetropia ; Severe  headaches ; Complete  relief  with  glasses. 

J.  W.  G.,  aged  37,  complains  of  headaches  and  pains  in  the  eyes; 
is  sick  at  the  stomach  at  times.  She  wears 

-j-  .50  D.  ==  + .50  D.  cyl.,  90°,  right; 

— 4.50  D.  = — 2.50  D.  cyl.  180°,  left. 

Ophthalmometer:  astigmatism  with  the  rule,  1.25  D.,  axis  85  -|- 
175  minus,  right  eye;  astigmatism  with  the  rule,  3 D.,  axis  90  180 

minus,  left  eye. 

20  20 

R.  V.  ==  — : — with  -f-  .50  D.  C + -75  D.  cyl.  80°. 

20  15 

5 20 

L.  V.  = — : h with  — 7.50  D.  C — 2.75  D.  cyl.  180°. 

200  70 

Reads  Jaeger  No.  1 at  7 to  18  inches. 

Ophthalmoscope:  H.  1 D.  at  90°  and  1.50  D.  at  170°  right  eye; 
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myopia,  9 D.  at  90°  and  6 D.  at  180°  left  eye.  Posterior  staphylotma 
in  the  left  eye.  Ad.  14°,  ab.  6°,  sur.  R.  and  L.  5°. 

Under  homatropin: 

20  20 

R,  V.  = — : — with  -j-  1 D.  ^ -f" 

50  15 

5 20 

L.  V,  = — : — with  — 6.50  D.  ^ — 2.75  cyl.,  180°. 

100  50 

Ordered : -|-  .75  D.  3 "l~  5 — ^ 2.75  cyl., 

180°.  Eyes  entirely  comfortable;  no  more  sickness  at  the  stomach. 

, Has  single  binocular  vision.  Ad.  14°,  ab.  6°,  siir.  R.  & L.  5°.  With 
glasses  off  has  tendency  to  converge  8°  to  5°;  interpnpillary  dis- 
tance 58  mm. 

Polyopia  due  to  astigmatism:  E.  M.  B.,  aged  25.  There  is  double 
(sometimes  quadruple)  vision  in  the  left  eye,  especially  when  she  looks 
at  lights.  The  distortion  began  in  1908  in  the  left  eye,  when  a light 
assumed  the  shape  of  the  letter  Y,  having  two  forks  above  and  one 
below.  A similar  phenomenon  was  observed  in  the  right  eye  in  1910. 
Her  cat  sometime  ago  appeared  to  have  four  tails. 

OpJithalmooneter:  astigmatism  with  the  rule,  1.50  D.,  axis  75  -\- 
165  — , right  eye ; astigmatism  with  the  rule,  3.25  D.,  axis  90  -f-  180  — , 
left  eye. 

Test  cards  and  tnal  lenses. 

20  20 

R.  V.  = — : h with  -|-  1.25  cyl.,  75°. 

20  15 

20  20 

L.  V.  = — : — with  -f  150  cyl.  95°  — .75°  cyl.,  5°. 

20  20 

Reads  Jaeger  No.  1 from  6 to  18  inches.  Ad.  8°,  ab.  5°,  sur.  R.  & 
L.  2°. 

Ophthalmoscope:  emmetropia  in  the  vertical  meridian  and  1 D.  of 
H.  in  the  horizontal,  right  eye ; 1 D.  of  M. ; vertical,  and  1 D.  of  H. 
in  the  horizontal,  left  eye.  Normal  fundi.  ,Patient  suffers  from 
indigestion.  She  has  had  another  attack  of  double  vision  since  last 
visit,  either  using  both  eyes  at  once  or  in  the  left  eye  alone. 

Under  homatropin: 

20 

R.  V.  h W.  -f  1.25  cyl.,  75°. 

15 

20 

L.  V.  = — W.  -f  1.50  cvl.,  100°  — 75  cyl.,  10°. 

15 

The  retinoscopic  and  ophthalmoscopic  findings  confirmed  the  sub- 
jective tests.  Ordered : -|-  1.25  cyl.,  75°,  right;  2.25  cyl.,  100°  = 

75  D.,  left. 
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Lenticmius  anteHor;  Corneal  astigmatism  with  the  rule,  2 D.  in  each 
eye;  Total  astigmatism  against  the  rule  (5.50  D.)  in  right,  and 
4 D.  in  the  left  eye;  Vision  greatly  improved  with  glasses. 

J.  L.  H.,  aged  57,  in  good  health,  a lawyer,  came  because  of  migraine 
affecting  the  right  side  of  his  head,  and  pain  in  the  right  eye.  Foin* 
days  previously  he  had  an  attack  that  was  so  severe  that  he  was 
confined  to  bed  all  day,  and  has  been  incapacitated  for  work  ever 
since.  The  pain  extends  from  the  right  side  of  the  head  to  the  right 
eye.  He  has  had  such  attacks  before,  but  they  were  not  so  marked. 
There  is  no  redness  of  the  eye,  no  plus  tension,  or  other  indication  of 
glaucoma.  He  has  worn  reading  glasses  for  fifteen  years,  with  which 
he  gets  fairly  good  vision.  He  has  never  seen  very  well  either  for 
distance  or  for  near.  He  now  wears  for  reading  -j-  2.50  D.  cyl. 
180°  — 3D.  cyl.,  90°,  right  eye;  -}-  2.50  D.  cyl.,  180°  3 — 1-50  cyl., 
90°  left  eye. 

Ophthalmometer : astigmatism  with  the  rule,  2 D.  ax.  90  -|-  180  — , 
right  eye;  2 D.,  axis  75°  -|-  or  165°  — , left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = — : — with  — 2.50  D.  — 2.50  D.  cyl.,  90°. 

200  100' 

20  20 

L.  V.  = — : — with  — 1.50  D.  — 2.50  D.  cyl.,  75°. 

200  50 

Reads  Jaeger  No.  1 from  7 to  12  inches,  with  -j-  1 D.,  — 2.50  D. 
cyl.,  90°  right,  and  + 2 D.  — 2.50  D.  cyl.,  75°  left. 

Because  of  the  great  difference  between  the  astigmatism  indicated 
by  the  ophthalmometer  and  that  found  on  subjective  examination, 
the  writer  suspected  some,  trouble  with  the  lens,  an  incipient  cataract 
perhaps.  However,  on  examination  no  opacity  was  found,  but  there 
was  a transparent  protuberance  of  a conical  shape  on  the  anterior 
surface  of  the  crystalline  in  each  eye.  (See  Fig.  104.)  The  corneas 
■were  perfectly  clear,  except  for  a minute  opacity  just  to  the  outer 
side  of  the  center  of  the  left.  The  shadows  reflected  from  the  piipil 
resembled  in  marked  degree  the  shadow  crescents  seen  in  conical 
cornea.  No  double  image  of  the  fundus  by  the  direct  method  could 
be  obtained  with  the  ophtahlmoscope  as  did  Webster  (Archives  of 
Ophthalm.,  and  Otol.,  Vol.  IV,  p.  382,  1874-5)  in  his  case,  the  first 
of  the  kind  reported;  however,  the  pupil  was  not  dilated  as  in  his 
case,  and  besides,  the  conicity  was  not  so  marked  in  this  case  as  in 
his,  so  far  as  can  be  judged  by  reading  the  published  account  and 
looking  at  the  excellent  diagrams  he  gave.  With  the  indirect  method, 
however,  a decided  doubling  of  the  retinal  blood-vessels,  both  verti- 
cal and  horizontal,  was  obtained.  This  plienomenon  was  also  observed 
with  the  parallactic  movement,  when  the  double  images  could  be 
made  to  approach  or  to  recede  from  each  other  by  the  slightest  move- 
ment of  the  ophthalmoscope  or  object  lens.  The  fundus  was  normal 
in  each  eye. 
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On  a second  test  the  ophthalmometer  gave  exactly  the  same  read- 
ing as  at  first. 

Test  cards  and  trial  lenses, 

20  20 

R.  V.  = — : — W.  — 5 D.  — 2.50  D.  cyl.,  90°. 

200  50 

20  20 

L.  V.  = — : W.  — 1 D.  — 3 D.  cyl.,  75°. 

200  30 

Reads  Jaeger  No.  1,  9 to  15  inches,  with  — ID.  — 2.50  D.  cyl.,  90° 
right;  3 D.  cyl.,  165°  left  eye.  These  reading  glasses  were  pre- 
scribed, and  have  been  worn  for  more  than  three  years  with  com- 
fort. 

This  patient,  according  to  the  glasses  he  wore  when  he  first  came, 
had  a total  astigmatism  in  the  right  eye  of  5.50  D.,  and  in  the  left 
eye  4 D.  in  each  against  the  rule.  Hence,  the  crystalline  must  have 
had  an  astigmatism  of  7.50  D.  in  the  right,  and  6 D.  in  the  left, 
against  the  rule  in  each,  in  order  to  have  the  total  astigmatism 
amount  to  5.50  D.  right  and  4 D.  left,  against  the  rule.  According 
to  the  tests  made  by  the  writer  he  must  have  had  a lenticular  astig- 
matism against  the  rule  of  4.50  D.,  right,  and  5 D.,  left,  in  order  to 
have  a total  astigmatism  against  the  rule  of  2.5  D.,  right,  and  3 D., 
left,  because  he  had  2 D.  of  corneal  astigmatism  with  the  rule  in 
each  eye. 

Corneal  astigmatism  with  the  rule;  The  principal  meridians  not 

at  right  angles. 

N.  S.,  aged  25,  in  good  health,  has  worn  glasses  off  and  on  for  the 
last  ten  yeare,  but  none  have  given  her  relief  from  a verj^  trouble- 
some asthenopia.  She  was  fitted  twice  with  glasses  while  under  the 
influence  of  a cycloplegic. 

Ophthahnometer.  Astigmatism  with  the  rule,  1 D.,  the  images 
“lining”  at  165°  in  the  first  position,  and  at  60°  in  second  position, 
right  eye ; .75  D.,  the  images  at  15°  in  the  first  position,  and  at  120° 
in  second  position,  left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  _ W.  -f  1.75  D.  -f  .50  D.  cyl.,  60°. 

30  20 

20  20 

L.  V.  = — : — W.  + 1.25  D.  -f  .50  D.  cyl.,  120°. 

30  20 

Reads  Jaeger  No.  1 from  6 to  20  inches. 

Ophthalmoscope.  H.  2.50  D.,  right  eye;  H.  2 D.,  left  eye;  normal 
fundi;  no  opacities  in  the  cornejB  or  lenses. 

A second  and  third  test  gave  the  same  result,  and  the  ophthal- 
mometer the  same  reading  in  all  three  tests.  The  corresponding 
glasses  were  ordered,  and  gave  immediate  relief  from  the  asthenopia. 
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The  patient  was  seen  two  years  afterward.  She  had  meantime  used 
her  eyes  constantly  as  an  artist,  and  the  glasses  were  still  entirely 
satisfactory. 

Corneal  astig’matimi  with  the  principal  meridians  not  at  right  angles 
in  tha  right  eye. 

J.  E.  M.,  aged  58,  in  good  health,  came  because  her  eyes 
(especially  the  right  one)  had  a “sore  feeling”  in  them  and  became 
red  after  using  them  for  close  work.  She  has  worn  glasses  for  a 
number  of  years;  the  last  pair  (-[-  2.25  D.  spheres)  for  eight  years. 

Ophthalmometer.  Astigmatism  with  the  rule,  1 D.,  the  images 
“lining”  at  180°  in  the  first  position,  at  75°  in  the  second  position, 
right  eye;  50  D.,  axis  90°  + or  180°  — left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = ; — W.  — .50  D.  cy\.,  180°. 

20  20 

20 

L.  V.  = : not  improved  with  any  glass. 

20 

Reads  Jaeger  No.  1 from  8 to  16  inches,  with  plus  3 D.  sphere 
added. 

Ophthalmoscope.  Em.  in  each  eye.  There  is  no  opacity  of  the 
lenses  or  the  eorne£e,  and  the  fundi  are  normal. 

The  reading  glasses  were  ordered,  + 2.50  D.  -|-  .50  D.  cyl.,  90°, 
right;  and  -|-  3 D.  sphere,  left.  These  lenses  relieved  the  asthenopia. 
Both  in  this  case  and  in  the  one  immediately  preceding  it,  the  cylin- 
ders accepted  were  not  at  right  angles  to  the  meridian  at  error.  In 
the  right  eye,  previous  case,  the  accepted  cylinder  had  its  axis  at 
60°,  while  the  least  curved  meridian  was  at  165°  (as  shown  by  the 
images  “lining”  at  that  point)  while,  to  be  worn  at  right  angles, 
its  axis  should  have  been  at  75°.  In  the  left  eye  the  plus  cylinder 
was  accepted  at  120°,  but  the  least  curved  meridian  was  at  15°.  So 
in  the  present  case,  in  the  right  eye  the  most  curved  meridian  was 
found  to  lie  at  75°,  nevertheless,  the  patient  accepted  a minus  cylin- 
der, axis  180°,  while  it  should  have  been  worn  at  165°,  to  be  at  right 
angles  to  75°. 

Wbere  the  principal  meridians  are  not  at  right  angles,  the  patient 
may  accept  the  cylinders  with  their  axes  exactly  at  right  angles  to 
the  meridians  at  error;  hence  it  is  well  in  such  cases  to  try  the  cylin- 
ders at  both  the  positions  indicated  by  the  ophthalmometer,  for  ex- 
ample at  15°,  or  at  any  number  of  degrees  of  inclination  the  chief 
meridians  have  toward  each  other.  The  retinoscope  and  ophthalmo- 
phakometer  are  of  great  value  in  these  cases. 

Large  amount  of  astigmatism;  The  corneal  and  total  astigmatism^ 
corresponding  closely  as  to  amount  and  axis;  Patient  accepts  the 
glasses  indicated  ly  the  ophthalmometer  with  marked  improvement 
in  vision,  hut  cannot  wear  any  cylindrical  correction,  preferring 
simple  spheres. 
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K.  N.,  aged  37,  in  good  health,  came  for  change  of  glasses.  She 
has  worn  spherical  glasses  for  close  work,  but  not  for  distance,  for 
ten  years.  None  have  ever  been  entirely  comfortable  to  the  eyes. 
She  complains  now  of  occasional  headache  and  pains  in  the  eyes, 
especially  in  the  afternoon  and  evening. 

Ophthalmometer.  Astigmatism  with  the  rule,  1.25  D.,  axis  120°  -(- 
or  30°  — , right  eye;  5.50  D.,  axis  80°  -f-  or  170°  — , left  eye. 

Test  cards  and  trial  lenses. 

20  20 

R.  V.  = — : — with  + -75  D.  cyl.,  120°. 

30  20 

10  20 

L.  V.  = — : — with  -f-  4.50  D.  cyl.,  80°. 

200  50 

Reads  Jaeger  No.  1 from  8 to  15  inches. 

Ophthalmoscope.  Em.  at  120°  and  H.  1 D.  at  30°  right  eye;  Em. 
at  75°  and  H.  5 D.  at  165°  left.  No  opacities  of  the  cornea  or  lens 
in  either  eye.  No  muscle  insufficiency.  A second  test  was  given, 
and  as  the  patient  accepted  the  same  glasses  as  at  first  they  were 
ordered. 

The  patient  tried  faithfully  to  wear  them  for  two  months,  but 
claimed  they  did  not  help  her  in  the  least,  in  fact,  that  they^  made 
the  vision  worse,  because  they  elongated  objects  very  much  in  the 
horizontal  meridian.  A simple  -j-  2 D.  sphere  in  each  eye  gave  her 
more  comfort  than  any  other  lens,  and  these  she  continued  to  wear 
till  her  death  four  years  later. 

In  this  ease,  as  well  as  the  one  to  follow,  little  or  no  difference  in 
the  axis  or  the  amount  of  the  astigmatism  was  discovered  by  the 
various  objective  and  subjective  tests.  Nevertheless  the  patients  were 
not  able  to  wear  any  cylindrical  correction  whatever.  In  seeking  an 
explanation  of  the  behavior  of  the  eyes  in  these  two  cases,  and  in 
others  like  them,  especially  in  presbyopes  who  have  never  worn  any 
correction  in  early  life,  or  only  a spherical  one,  light  is  thrown  upon 
the  mysteiy  by  Donders  {l-oco  cat.,  p.  509).  He  observes  that  “The 
correction  of  regular  astigmatism  by  means  of  cylindrical  glasses  is 
incapable  of  absolute  perfection.  Apart  from  the  amblyopia,  which, 
independently  of  the  light-refracting  system,  complicates  many  cases 
of  astigmatism,  the  acuteness  of  vision  must,  even  with  the  most  ac- 
curate correction,  leave  something  to  be  desired,  because  the  asym- 
metry of  the  astigmatic  eye  cannot  be  completely  counteracted  by 
the  presence  of  a cylindrical  lens.  Moreover,  the  correction  is  only 
of  that  nature  that  the  posterior  focal  points  for  the  different  me- 
ridians are  brought  together  without  the  same  being  true  of  the  other 
cardinal  points.  The  absolute  coincidence  of  the  nodal  points  in  the 
different  meridians  is  scarcely  attainable.  If  they  lie  in  the  princi- 
pal meridian  of  slightest  curvature  more  posteriorly,  correction  with 
a biconvex  cylindrical  lens  brings  them  more  forward  than  those  in 
the  meridian  of  greatest  curvature ; and  vice  versa  if  they  he  situ- 
ated more  anteriorly,  on  correction  by  a biconcave  cylindrical  lens. 


REFRACTION  CIRCLE 


11177 


they  are  moved  more  backward.  In  this  is  implied  that  the  form 
of  the  bodies,  on  correction  of  astigmatism,  is  elongated  in  a direc- 
tion opposite  to  that  in  which,  before  correction,  elongation  existed.” 
In  other  words,  high-degree  astigmatics  whose  distant  vision  has 
been  nncorreeted  till  late  in  life  have  become  accustomed  to  images 
of  objects  much  elongated  in  a certain  direction,  and  when  we  try 
to  correct  their  astigmatism  we  greatly  elongate  the  images 
in  another  direction.  This  is  so  disturbing  to  all  previous  con- 
ceptions of  the  form  and  size  of  objects  that  some  patients  cannot 
bear  it,  even  though  their  eyesight,  so  far  as  test-types  are  concerned, 
is  greatly  improved  by  the  lenses  suggested.  In  both  of  the  cases 
here  reported  the  meridians  of  the  astigmatism  were  oblique,  and  this  of 
itself  made  it  much  more  difficult  for  them  to  become  accustomed  to 
cylinders. 

Comeal  astigmatism  against  the  rule,  with  oblique  axes;  Total  astig- 
matism exactly  the  same  in  each  as  to  axis  and  almost  identical 
as  to  amount;  Patient’s  vision  greatly  improved  by  cylindrical  cor- 
rection, yet  he  cannot  wear  it. 

G.  H.  W.,  aged  68,  in  very  good  health  considering  his  years,  came 
for  reading  glasses.  He  has  never  worn  glasses  for  distance,  but 
spherical  lenses  for  near  vision  since  he  was  forty-five  years  old. 
With  these  he  has  gotten  along  fairly  well,  though  his  vision  has  al- 
ways been  rather  poor. 

Ophthalmometer.  Astigmatism  against  the  rule,  2.50  D.,  axis  5°  -|- 
or  95°  — , right  eye;  against  the  rule,  .50  D.,  axis  170°  -|-  or  80°  — , 
left  eye. 

Test  cards  and  trial  lenses. 

15  20 

R.  V.  = — : — W.  -f  2.50  D.  cyl.,  5°. 

200  50 

20  20 

L.  V.  = — : — W.  + 1.50  D.  + .75  D.  cyl.,  170°. 

100  20 

Reads  Jaeger  No.  1 from  9 to  20  inches,  with  -|-  4 D.  sphere  added. 
Ophthalmoscope.  H.  2.50  D.  ax.  95°,  and  Em.  at  5°,  right;  H.  2 D. 
at  90°  and  H.  1 D.  at  180°,  left;  normal  fundi;  no  opacities  of  the 
refractive  media. 

The  indicated  reading  glasses  were  prescribed,  and  the  patient 
made  persistent  efforts  to  use  them  for  six  weeks,  but  finally  gave 
them  up  because  of  the  elongation  of  letters  and  other  printed  matter 
in  the  vertical  meridian.  With  simple  spherical  glasses  he  got  toler- 
ably clear  vision  for  reading  (the  print  appearing  of  natural  shape) 
even  if  objects  did  not  seem  as  distinct  as  with  the  cylindrical  cor- 
rection.— (A.  E.  D.) 

Refraction  circle.  An  instrument  by  means  of  which  indices  of  re- 
fraction can  be  measured. 

Refractionist.  One  skilled  in  measuring  the  refraction  of  the  eye. 

Vol.  XIV— 4 9 
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Refraction,  Vertex.  See  Lenses  and  prisms.  Ophthalmic,  p.  7257, 
Vol.  X of  this  Encyclopedia. 

Refractometer.  An  instrument  for  measuring  the  refractive  power 
of  the  eye. 

Grossman’s  refractometer  and  astigmometer  consists  of  a series 
of  spherical  and  cylindrical  lenses,  the  latter  rotating  by  means  of  a 
toothed  rod.  The  apparatus,  which  is  not  intended  to  leave  the 


hand  of  the  examiner,  takes  the  place  of  the  trial  case  and  frame 
during  the  preliminary  examination. 

Refrangible.  Capable  of  being  refracted. 

Refringent.  Of,  or  pertaining  to,  refraction;  refracting. 

Regard,  plane  of.  A plane  that  passes  through  the  center  of  rotation 
and  the  point  of  fixation  in  the  eye. 

Regenbogenhaut.  (G.)  Iris. 

Regeneration  of  the  cornea.  See  p.  3437,  Vol.  V of  this  Encyclopedia- 

Regio,  Barnabas  de.  The  well-nigh  unkno'svn  author  of  a work  on  ocu- 
lar hygiene,  entitled  Eihellus  de  Conserva/iida  Sanitate  Oculorum, 
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composed  in  1340  and  possessed  of  little  value.  See  Barnabas  do 
Regio.— (T.  H.  S.) 

Region,  Ciliary.  Tlie  part  of  the  eye  occupied  by  the  ciliary  body  and 
its  adjuncts. 

Region,  Opticostriate.  The  basal  ganglia  and  the  capsule. 

Region  of  accommodation.  According  to  Bonders,  this  is  only  the 
expression  of  the  distance  between  r and  p,  and  is  therefore  equal 
to  R — P ; while  the  range  of  accommodation  is  a dioptric  value, 
proportional  to  the  focal  distance  of  the  lens,  which  expresses  the 
difference  of  accommodation  for  P and  R.  The  region  of  a.  is  quite 
altered  by  lenses,  and  there  is  no  proportion  whatever  between  it 
and  the  range  of  a. 

Registering  keratoscope.  Asti,gmometer. 

Regressive  cataract.  A cataract  that  undergoes  regressive  change 
and  tends  to  disappear  ,•  usually  occurring  in  young  persons  as  a 
symptom  of  interference  with  the  nutrition  of  the  lens,  but  occa- 
sionally observed  in  cases  of  ordinary  senile  cataract. 

Regular  reflection.  Reflection  in  which  the  incident  and  reflected 
rays  make  equal  angles  with  the  normal  to  the  surface  at  the  point 
of  incidence. 

Rehabilitation  of  the  blind.  See  Re-education  of  the  bhnded. 

Reichenbach,  Johann  Freidrich.  An  18th  century  ophthalmologist  of 
Tubingen,  Germany,  whose  life  dates  cannot  be  ascertained.  He  was 
a pupil  of  Mauchart,  studied  at  Strassburg  and  at  Paris,  and  seems 
to  have  been  a skilful  operator.  His  dissertation  for  the  doctorate 
was  entitled  Cauielw  et  Ohset'vationes  circa  Extractioiiem  Gataractae, 
Novara  Methodiim  Synezesin  Operandi  Sistentes,  etc.,  2 Dec.  1767. — 
(T.  H.  S.) 

Reid,  Thomas.  A well-known  Glasgow  ophthalmologist,  inventor  of 
the  widely  used  Reid’s  portable  ophthalmometer.  Born  at  Cals- 
burgh,  in  the  parish  of  Shotts,  Scotland,  in  1830,  he  became  renovmed 
for  his  great  scholarship  very  early  in  life.  In  fact,  at  the  age  of 
twelve  he  read  all  the  books  in  the  village  library,  and  knew  some 
of  them  by  heart.  For  a time  he  was  apprentice  to  a cabinet-maker 
at  Airdrie,  but  later  began  to  study  medicine  at  Anderson  College. 
Migrating  later  to  the  University  of  Glasgow,  he  there  received  his 
medical  degree  in  1857.  Immediately  after  graduation,  and  because 
of  ill  health,  he  went  for  a time  on  a whaling  voyage.  Returning  to 
Glasgow,  he  devoted  himself  to  general  practice  until  1861,  when  he 
entered  as  a student  at  the  Glasgow  Eye  Infirmary.  Here,  at  length 
(in  1867)  he  became  surgeon.  In  1869  he  was  elected  Waltonian 
Lecturer  and  Lecturer  on  the  Eye  at  the  University,  and  continued 
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both  to  practise  and  to  teach  until  his  retirement  in  1900.  In  1896 
the  degree  of  LL.  D.  was  conferred  upon  him  by  the  University  in 
which  he  taught,  and,  in  1908,  the  order  of  ‘ ‘ Commendatore  of  the 
Crown  of  Italy”  was  conferred  upon  him  by  the  Italian  King.  He 
was  a modest  and  unassuming  man,  but  one  of  great  firmness  and 
pertinacity.  He  died  suddenly.  Mar.  23,  1911.  His  portrait  in  oils 
was  presented  to  the  Airdrie  Public  Library  by  a large  number  of 
admirers,  on  Nov.  3,  1911,  the  speech  of  presentation  (to  which  the 
present  writer  is  indebted  for  most  of  the  facts  in  this  sketch)  being 
made  by  Dr.  A.  Maitland  Ramsay,  of  Glasgow. — (T.  H.  S.) 

Reisinger,  Franz.  Son  of  Dr.  Felix  Reisinger,  body-physician  to  the 
last  Elector  of  Trier,  and  himself  a physieian  of  note,  being  a well 
known  ophthalmologist  and  inventor  of  the  ophthalmo-phantome. 
Bom  at  Coblenz,  Germany,  in  1787,  he  removed  with  his  parents  at 
the  age  of  seven  to  Augsburg,  and  pursued  his  professional  studies 
at  Landshut,  Wurzburg  and  Gottingen.  At  the  latter  institution  he 
graduated  in  1814,  his  dissertation  being  “De  Exercitationibus  Chiro- 
technicis  et  de  Constructione  atque  Usu  Phantasmatis  in  Ophthal- 
mologia.”  After  a number  of  scientific  journeys,  he  settled  in  Augs- 
burg, as  a general  practitioner,  paying,  however,  especial  attention 
to  diseases  of  the  eye.  In  1819  he  removed  to  Landshut,  in  order  to 
accept  the  chair  of  surgery  and  ophthalmology.  Here  he  was  ac- 
tive in  very  many  ways,  being  a man  of  marked  executive  ability  and 
great  kindheartedness  and  benevolence.  He  died  April  29,  1855. 

Reisinger ’s  more  important  ophthalmologic  writings,  in  addition 
to  the  dissertation  above-mentioned,  are  as  follows : 

1.  Ueber  das  Wirken  der  Chir.  Lehranstalt  zu  Landshut. 

. . . nebst  einem  Berieht  fiber  die  Chir.  Ophthalmol.  Klinik  und 

Polikinik.  (Sulzbach,  1823.) 

2.  Hyoscyamin  und  Atropin.  {Salzburger  Med.  Chir.  Zeitung, 
1825,  Vol.  I,  p.  237  ff.) 

3.  Bayerische  Annalen  der  Chir.  Augenheilkunde  und  Geburts- 
hilfe.  (Vol.  I,  Sulzbach,  1828.)— (T.  H.  S.) 

Rekoss  disk.  See  p.  8967,  Vol.  XII  of  this  Encyclopedia. 

Relapsing  herpes  of  the  cornea.  See  p.  3440,  Vol.  V of  this 
Encyclopedia. 

Relative  dispersion.  In  optics,  the  ratio  between  the  mean  dispersion 
(np  — nc)  and  the  difference  between  the  mean  index  of  refrac- 
tion (no)  of  the  substance)  and  the  index  of  refraction  of  air 

np  — nc 

(n==l),  that  is:  , where  D,  F and  C are  the  lines  of  the 

no  — 1 

spectrum.  See,  also,  Chromatic  dispersion. — (C.  F.  P.) 
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Relative  hemianopsia.  That  form  of  anopsia  in  which  the  visual  loss 
is  not  complete. 

Relative  range  of  accommodation.  See  Accommodation,  Relative 
range  of,  p.  52,  Vol.  I of  this  Encyclopedia. 

Releveur  a manche.  (F.)  Lid  elevator. 

Releveur  pour  enfant.  (F.)  A lid  elevator  of  a size  and  shape  suitable 
for  children’s  eyes. 

Relumine.  To  light  anew. 

Remnants,  Fetal.  See  Congenital  anomalies  of  the  eye,  p.  2776,  Vol, 
IV,  as  well  as  Heredity  in  ophthalmology,  p.  5812,  Vol.  VIII  of  this 
Encyclopedia. 

Remy’s  diploscope.  See  p.  4011,  Vol.  VI  of  this  Encyclopedia. 

Renaglandin.  One  of  the  succedanea  of  adrenaline  and  used  like  it  as 
a hemostatic  and  vaso-constrictor. 

Reneal  choked  disc.  A term  suggested  by  Wm.  F.  Hardy  {Ophthal- 
mology, Dec.,  1916)  in  contending  that  optic  neuritis  and  choked 
disc  are  etiologically  distinct  entities;  (2)  that  the  assumption  of  a 
manifold  pathogenesis  of  choked  disc  is  probably  incorrect;  (3)  that 
papilledema  is  primarily  of  mechanical  origin,  all  the  concomitant 
phenomena  being  accountable  for  on  that  basis,  (4)  That  the  in- 
ability always  clinically  to  distinguish  between  the  two  conditions 
does  not  necessarily  imply  a common  origin  or  identical  process;  (5) 
that  optic  neuritis  is  primarily  and  essentially  an  inflammatory 
process.  Choked  disc  is  primarily  and  essentially  an  edema  and 
lymph  stasis,  the  resultant  of  increased  intracranial  tension.  (6) 
Renal  choked  disc  exemplifles  both  processes,  each  with  its  separate 
pathogenesis,  showing  a lymph  stasis  with  edema  and  also  inflamma- 
tory changes. 

Rendle,  Edmund  M.  Russel.  A well  known  English  ophthalmologist. 
Born  in  1832,  he  was  from  1866  to  1893  surgeon  to  the  Plymouth 
Eye  Infirmary.  He  retired  from  practice  in  1899,  and  his  death 
occurred  in  1909  in  the  spring  or  early  summer. — (T.  H.  S.) 

Renforcation.  (F.)  Intensifler. 

Renoform.  One  of  the  numerous  fluid  extract  succedanea  of  adrena- 
line hydrochloride.  It  is  an  efficient  vaso-constrictor  and  consider- 
ably cheaper  than  adrenaline.  Goldschmidt  {Therapie  der  Gegen- 
wart,  July,  1903)  recommends  it  as  possessing  all  the  good  qualities 
of  adrenaline. 

Renostyptin.  Like  suprarenine  and  adrenaline  this  derivative  of  the 
suprarenal  capsule  is  employed  as  a hemostatic  and  vaso-constrictor. 
It  probably  possesses  no  particular  advantage  over  suprarenaline  or 
similar  adrenal  extracts. 
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EENVERSEMENT  OF  A CORNEAL  FLAP 


Renversement  of  a corneal  flap.  See  Gayet’s  transplantation,  p.  5347, 
Vol.  VII  of  this  Encyclopedia. 

Repositor.  An  instrument  used  for  returning  a displaced  organ  to 
its  normal  position. 

The  iris  repositor  or  spatula  is  made  of  metal,  tortoise-shell  or 
hard  rubber.  Generally  the  blade  is  8 mm.  long  and  2 mm.  wide, 
with  the  extremity  blunt,  to  avoid  wounding  the  iris.  See  p.  6639, 
Vol.  IX  of  this  Encyclopedia. 

Reptiles,  Eyes  of.  The  average  eye  of  reptiles  closely  resembles, 
morphologically,  the  same  organ  in  birds.  For  instance,  it  has  a 
cartilaginous  layer  with  anterior  bony  plates  in  the  sclerotic;  also 
a vascular,  pigmented  pecten  projecting  well  into  the  vitreous.  It 
is  furnished  both  with  lachrjunal  and  Harderian  glands;  the  muscu- 
lar fibres  of  the  iris  are  striated,  and  there  are  two  well-developed 
eyelids  and  a functionating,  nictitating  membrane.  Moreover,  in 
many  of  the  Geckos  the  third  lid  passes  over  the  cornea  in  winking, 
but  there  is  a transparent  area  in  the  nictitating  membrane  to  ad- 
mit light.  In  snakes  this  arrangement  seems  to  be  permanent,  the 
membrane  being  immovable  and  fixed  upon  the  cornea.  Chameleons 
have  but  one  lid  with  a central  opening  opposite  the  pupil. 

The  median  or  pineal  eye  is  best  represented  in  certain  lizards. 
Parker  and  Hasw^ell  point  out  that  it  is  sometimes  formed  from 
the  distal  end  of  the  epiphysial  diverticulum.  It  takes  the  form  of 
a rounded  capsule,  the  outer  or  anterior  portion  of  the  wall  of  which 
is  a lens  formed  of  elongated  cells,  while  its  posterior  part  is  retinal. 
The  retina  has  an  outer  layer  of  nerve  fibres  and  an  inner  collec- 
tion of  rod-like  visual  elements,  thus  ^giving  the  picture  of  the  in- 
vertebrate eye.  See,  also,  Comparative  ophthalmology,  especially 
p.  2565,  Vol.  IV  of  this  Encyclopedia. 

Reseau.  (F.)  Network. 

Resection.  A cutting  out.  Exsection  of  part  or  the  whole  of  an 
organ. 

Reserve  accommodation.  As  Landolt  has  shown,  from  one-fourth  to 
one-third  of  the  accommodative  power  must  be  held  in  reserve  if 
long-continued  eye  work  is  to  be  done  without  producing  asthenopic 
or  other  symptoms. 

Residual  dispersion.  In  optics,  the  color-error  remaining  after  an 
optical  system  has  been  designed  so  as  to  be  achromatic  with  re- 
spect to  one  pair  of  colors,  and  which  is  due  to  the  so-called  “irra- 
tionality of  dispersion.”  See,  also.  Chromatic  dispersion,  p.  2192. 
Vol.  Ill  of  this  Encyclopedia. — (C.  F.  P.) 

Resin.  In  ancient  Greco-Roman  times  the  resins  of  various  trees  w'^ere 
used  as  medicaments  in  ophthalmology.  Those  from  the  eherry  tree. 
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the  plum,  and  the  various  evergreen  trees  were  in  highest  favor.  The 
resin  itself  was  sometimes  used,  sometimes  the  soot  produced  by 
burning  it.  The  soot  was  also  employed  as  a lid  cosmetic,  being 
then  called  “kalliblepharon.” — (T.  H.  S.) 

Resina  empyreumatica  Uquida.  See  Tar. 

Resolvent  collyrium.  A collyrium  made  by  dissolving  1 part  of  lead 
acetate  in  96  parts  of  water;  or  by  mixing  3 parts  of  lead  acetate 
dissolved  in  water  with  1 part  of  quince  mucilage. 

Resolving  power.  The  numerical  expression  of  the  power  of  an  opti- 
cal system  to  differentiate  two  or  more  lines  or  points. 

Resorb.  (To)  re-absorb. 

Resorbent.  Adapted  to  absorb  again  that  which  had  been  given  out. 

Resorcin.  Resorcinol,  U.  S.  Metadioxy-benzene.  C6H4(0H)2.  This 
is  diatomic  phenol  and  occurs  as  white  (reddish  on  exposure  to  air) 
crystals  with  a disagreeable,  sweetish  taste,  and  a faint,  peculiar 
odor.  It  is  slightly  soluble  in  water  and  alcohol;  readily  soluble  in 
ether  and  glycerine.  It  is  a local  anesthetic  and  antiseptic  and  used 
as  a dermal  application  in  2 to  4 per  cent,  solutions  in  glycerine  and 
water. 

Resorcin  has  been  extolled  as  a remedy  for  blepharo-conjunctivitis 
in  1 per  cent,  mixtures  with  lard,  petrolatum,  cold  cream  and  other 
excipients,  but  this  combination  does  not  possess  any  particular  ad- 
vantage over  other  and  less  irritating  applications. 

In  the  simple,  hypertrophic  form  of  marginal  blepharitis  Gradle 
advises  the  following  resorcin  mixture  with  sulphur,  to  be  applied  to 
the  lid  margins  at  night : I^  Resorcin,  Lactis  sulphur,  aa,  1.00  (gr.  xv), 
Vaselini,  4.00  (oj). 

Percy  Friedenberg  uses  the  following  mixture,  after  cleansing  the 
lid  edges,  in  chronic  blepharitis;  3^  Ichthyol,  0.20,  Resorcin,  0.30, 
Lanolin,  5.00,  Ungt.  aquse  rosa?,  5.00. 

As  a mild  astringent,  Lawson  (Text-book,  p.  538)  gives  the  follow- 
ing collyrium;  I^  Resorcin,  gr.  xxxvi.  Aquas  dest.,  fl.  oviii. 

Elze  {Wochenschrift  f.  Ther.  xi.  Hygiene  des  Auges,  1909)  used 
resorcin  in  the  treatment  of  early  cataract.  He  applied  a half-  to  one- 
per  cent,  ointment  in  yellow  vaseline.  This  is  applied  to  the  conjunc- 
tiva once  a day  for  two  or  three  weeks,  with,  he  claims,  “far-reaching 
results.”  A visual  acuity  of  J 16  has  been  improved  to  J 7,  and  of 
J 9 to  J 3,  the  improvement  being  “permanent.” 

He  states  that  striae  that  are  once  definitively  formed  are  not  altered 
by  the  treatment,  but  that  the  intervening  portions  of  the  lens  are 
cleared,  hence  it  is  important  to  make  an  early  diagnosis,  and  initiate 
the  treatment  as  early  as  possible. 

Elze  was  led  to  use  resorcin  for  this  purpose  by  the  effect  of  certain 
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fibrolysins  in  promoting  the  absorption  of  the  fibrous  or  fibrinous  nod- 
ules of  rheumatism. 

He  states  that  it  is  quite  possible  to  obtain  on  the  average  an  im- 
provement in  visual  acuity  of  from  three  to  four  degrees  of  Jaeger 
types,  but  that  it  is  useless  to  attempt  a cure  when  the  vision  has 
fallen  below  Jaeger  12  or  14,  In  all  cases  the  glasses  giving  the  best 
vision  should  be  ascertained  and  worn  by  the  patient. 

From  several  years’  experience  Paul  Knapp  {Prac.  Med.  Series, 
Eye,  p.  36,  1912)  recommends  resorcin  as  an  addition  to  the  drugs 
generally  in  use  for  the  chronic  forms  of  conjunctivitis.  He  found  its 
action  as  favorable  as  that  of  zinc,  in  some  cases  even  superior  to  it, 
if  instilled  in  from  2 to  3 per  cent,  solutions,  two  or  three  times  a day. 
Aqueous  solutions  gradually  turn  brown  if  exposed  to  air,  but  the 
addition  of  boric  acid  preserves  them  for  a long  time. 

Resorcinolphthalein  anhydride.  See  Fluorescein,  p.  5228,  Vol.  VH 
of  this  Encyclopedia. 

Resorcinol,  U.  S.  See  Resorcin. 

Respiratory  movements  and  their  influence  on  the  eye.  It  is  very 
widely  assumed  that  in  normal  breathing,  every  inspiration  effects 
a slight  dilatation,  and  every  expiration  a slight  contraction  of  the 
pupil.  Entoptic  observation,  however,  shows  that  such  variations 
in  the  size  of  the  pupil,  even  after  careful  exclusion  of  all  external 
stimulatory  variations,  do  not  coincide  in  their  time  with  the  respiratory 
rhythm.  Neither  forced  breathing,  slow  breathin,g,  nor  absolute 
inhibition  for  a number  of  seconds,  shows  anything  like  a regular 
influence  on  the  activity  of  the  pupil.  Pathological  respiration,  on 
the  other  hand,  does  seem  to  wield  some  influence,  since  in  eases 
of  dyspnea,  which  leads  to  cyanosis,  especially  in  cases  of  sudden 
lack  of  breath,  a widening  of  the  pupils  is  showm.  In  incipient 
asphyxia,  the  pupil  is  contracted,  and  then  dilated;  resuming,  after 
death  has  set  in,  about  the  average  width.  In  asphyxiation  there 
appear  also  hemorrhages  of  the  conjunctiva,  the  retina,  and  the 
skin  of  the  lid.  In  connection  with  the  Cheyne-Stokes  phenomenon 
there  is  often  a contraction  of  the  pupils,  while  the  light  reaction 
is  not  distinct.  With  the  cyclic  increase  in  the  respiratory  move- 
ments the  pupils  dilate  again.  With  the  contraction  of  the  pupils 
there  is  also  observed  in  these  phenomena  a nystagmus-like  move- 
ment of  the  eye.  See  p.  2038,  Vol.  Ill  of  this  Encyclopedia,  also 
under  Pupil. 

Hemorrhages,  accompanying  sneezing,  violent  blowing  of  the  nose, 
or  coughing  (see  p.  5799,  Vol.  VIII  of  this  Encyclopedia)  may  oc- 
cur in  all  the  vascular  tissues  of  the  eye,  most  frequently  in  the  con- 
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junetiva,  but  also  in  the  lids,  the  anterior  chamber,  and  even  in  the 
retina.  Anterior-chamber  hemorrhages,  occasionally  produced  by  vio- 
lent expirations  following  operations,  usually  originate  in  the  wound. 

Luxation  of  the  eyeball  (p.  7556,  Vol.  X of  this  Encyclopedia)  has 
been  observed  to  follow  violent  blowing  of  the  nose;  especially  has 
this  accident  occurred  in  Basedow’s  disease.  Violent  and  repeated 
sneezing  during  a meal  may  force  particles  of  food  not  only  into  the 
nose,  but  into  the  tear-ducts  themselves.  Emphysema  of  the  conjunc- 
tiva and  eyelids  (see  p.  4301,  Vol.  VI  of  this  Encyclopedia)  may  be 
caused  by  the  entrance  of  air  under  the  skin  through  the  tear-ducts, 
especially  after  rupture  of  the  duct.  Hemorrhages  into  the  orbit, 
or  retrobulbar  bleeding  into  the  tissues  of  the  optic  nerve  may  be 
caused  by  violent  coughing,  especially  if  there  exists  some  previous 
disturbance  of  the  circulation.  In  cases  of  disease  of  the  blood-vessel 
walls,  violent  coughing  may  give  rise  to  rupture  of  the  carotid  in  the 
.sinus  cavernosus,  and  through  this  to  pulsating  exophthalmia.  Finally, 
vision  may  suffer  from  cerebral  hemorrhages,  caused  by  violent  cough- 
ing or  blowing  of  the  nose  (Schwarz,  Encyklop.  der  Augenhlh.,  p.  57). 

Restitutio  ad  integrum.  Complete  return  to  health. 

Restoration  of  ocular  organs.  Reconstruction  op  the  eye.  In  addi- 
tion to  the  matter  given  under  Plastics,  p.  10255,  V ol.  XIII ; 
Blepharoplasty,  p.  1052,  Vol.  II  of  this  Encyclopedia,  and  similar 
captions,  mention  may  be  made  of  an  additional  method — one  of  many. 

Koellner  ^Mn^nch.  med.  Woch.,  October  10,  1911),  describes  restora- 
tion of  the  lower  lid  by  means  of  a conjunctival  (tarsal)  flap  from  the 
upper  lid. 

A rectangular  flap  including  conjunctiva  and  tarsus  (in  size  cor- 
responding to  or  slightly  wider  than  the  defect)  is  dissected  from  the 
posterior  surface  of  the  everted  lid,  the  lower  border  running  parallel 
to  and  2 mm.  distant  from  the  lid  margin.  This  side  forms  the  free 
margin  of  the  flap,  which  is  then  drawn  down  over  the  eye  and  inserted 
into  the  defect  in  ^ the  lower  lid  and  fastened  by  sutures,  the  upper 
retrotarsal  conjunctiva  becoming  the  new  conjunctival  covering  for 
the  upper  lid.  Pedicled  skin  flaps  (preferably  Thiersch  grafts)  form 
the  external  covering  of  the  new  lid.  Re-enforcing  sutures  may  be 
necessary  to  keep  the  lids  approximated  and  prevent  the  sutures  from 
tearing  out.  An  ointment  dressing  is  applied  and  both  eyes  kept 
bandaged  for  24  hours.  On  the  seventh  or  eighth  day  the  conjunctival 
bridge  is  divided  and  redundant  conjunctival  tissue  trimmed  away. 

Retardation,  (a)  A negative  acceleration,  or  continuous  decrease 
of  velocity,  (b)  The  distance  by  which  one  soniferous  or  lumi- 
niferous wave  is  behind  another. 
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Retention  cysts.  These  are  generally  found  in  the  iris.  See  p.  3676, 
Vol.  V of  this  Encyclopedia. 

Retiary.  Reticular.  Reticulate.  Reticulated.  Net-like;  netted. 

Reticle.  Reticule.  Reticulum.  A network  of  ruled  lines  or  fibers  such 
as  is  used  in  many  optical  micrometers. 

Reticular  keratitis.  See  p.  6809,  Vol.  IX  of  this  Encyclopedia. 

Reticular  layer  of  the  iris.  The  second  layer  of  the  iris  from  before 
backward. 

Reticular  opacities  of  the  cornea.  See  Lattice-shaped  opacity  of  the 
cornea,  p.  3382,  Vol.  V of  this  Encyclopedia. 

Reticule.  (F.)  Crosswires. 

Retina.  This,  the  inner  tunic  and  perceptive  layer — the  “sensitive 
plate” — of  the  eyeball,  is  formed  by  the  expansion  of  the  optic 
nerve  and  lies  between  the  choroid  and  vitreous.  Its  gross  anatomy 
is  discussed  and  illustrated  on  p.  390,  Vol.  I,  and  its  histology  simi- 
larly treated  on  p.  5959,  Vol.  VIII  of  this  Encyclopedia. 

The  same  membrane  ais  it  appears  in  the  lower  animals  is  de- 
scribed under  Comparative  ophthalmology,  especially  on  p.  2673, 
Vol.  IV.  See,  also.  Macula  lutea,  p.  7572,  Vol.  X;  Fundus  oculi,  p. 
5315,  Vol.  VII ; as  well  as  Psychology  of  the  eye. 

The  anomalies  and  diseases  of  the  retma  will  be  considered  under 
various  other  headings  of  this  work,  especially  following  this  head. 

Retina,  Abscess  of  the.  Retinal  suppuration.  This  is  never  a pri- 
mary condition  but  always  associated  with  such  processes  as  panoph- 
tholmitis,  suppurative  choroiditis  or  similar  infection.  See  p.  9232, 
Vol.  XII  of  this  Encyclopedia. 

Retina,  Actinomycosis  of  the.  A case  of  this  extremely  rare  infec- 
tion (see  p.  84,  Vol.  I of  this  Encyclopedia)  is  described  by  Lewin  and 
Guillery  {Oiften  auf  das  Auge,  II,  p.  654). 

Retina,  Albinism  of  the.  Absence  op  retinal  pigment.  See  p.  204, 
Vol.  I,  and  p.  2950,  Vol.  IV  of  this  Encyclopedia. 

Retina,  Anemia  of  the.  Anemia  of  the  retina  is  simply  a local  ex- 
pression of  general  anemia,  and  may  be  exceedingly  difficult  of  diag- 
nosis. In  fact,  in  the  absence  of  a proper  examination  of  the  blood, 
diagnosis  with  the  ophthalmoscope  may  be  impossible. 

In  some  cases,  however,  the  fundus  changes  are  so  marked  as  to 
be  considered  almost  pathognomonic.  Thus,  in  chlorosis,  pernicious 
anemia,  and  leucocythemia  the  fundus  often  shows  marked  changes. 
The  whole  fundus  is  paler  than  under  normal  conditions ; the  optic- 
nerve  head  is  lustreless  and  grayish,  and  neuroretinitis  is  common. 
There  is  a greater  tendency  to  inflammation  of  the  nerve-head  and 
retina  in  chlorosis  than  in  pernicious  anemia,  while  the  tendency 
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to  retinal  hemorrhage  is  less  (Stephen  Mackenzie),  Posey  states  that 
in  initial  anemia  from  loss  of  quantity  of  blood  there  are  seldom  ocular 
changes  unless  some  other  factor  than  loss  of  blood  exists.  In  cases  of 
chlorosis  and  pernicious  anemia  observed  by  Oliver  there  were  marked 
changes : the  optic  disc  was  of  a yellowish-white  color,  with  hazy 
and  in  places  indiscernible  edges;  the  fibre-layer  of  the  retina  was 
opaque,  thickened,  and  striated;  the  vessels  were  pallid  and  showed 
opacification  of  their  lymph-sheaths  and  pronounced  neuroretinitis 
was  present.  Visual  acuity  was  reduced  and  the  fields  of  vision  were 
contracted.  Blood-examinations  showed  a great  diminution  of  red 
blood-corpuscles  and  hemoglobin.  See,  also,  Retina,  Ischemia  of 
the;  as  well  as  Chlorosis,  Ocular  symptoms  of,  p.  2068,  Vol.  Ill  of 
this  Encyclopedia. — (J.  M.  B.) 

Retina,  Anesthesia  of  the.  See  Hysterical  amblyopia,  p.  299,  Vol.  I 
of  this  Encyclopedia. 

Retina,  Aneurism  of  central  artery  of.  See  p.  462,  Vol.  I of  this 
Encyclopedia;  also.  Retina,  Miliary  aneurysm  of  the. 

Retina,  Angioglioma  of  the.  Ginsberg  and  Spiro  {Ophthal.  Year-Book, 
p.  325,  1913)  have  described  a case  which  from  microscopic  study  they 
called  angioglioma  with  only  local  malignancy.  In  May,  1905,  at  the 
age  of  7 years,  the  patient,  a boy,  was  carefully  examined  and  nothing 
abnormal  detected.  In  January,  1906,  he  complained  of  fiuttering 
before  the  left  eye.  Slight  swelling  and  loss  of  definition  at  the  tem- 
poral margin  of  the  left  disc  were  found,  and  in  the  right  eye  there 
was  a rose-tinted  mass  about  one-half  the  size  of  the  disc  and  5 disc 
diameters  below  it.  In  the  left  eye  the  swelling  increased  until  it 
appeared  as  a growth  covering  the  nerve  head  and  measuring  3 disc 
diameters  in  width  and  4 in  height.  In  1908  the  retina  was  de- 
tached, in  1910  there  were  attacks  of  glaucoma,  and  in  1912  the  eye 
was  enucleated.  In  the  temporal  portion  of  the  retina  was  a tumor 
measuring  2^  by  IV2  mui.  Its  predominant  features  were  numerous 
blood  vessels,  and  glial  tissue  rich  in  cells.  There  was  a second  smaller 
nodule  of  the  same  character.  It  is  suggested  that  the  case  maj’’  have 
some  relationship  with  the  angiomatosis  (q.  v.)  of  Von  Hippel  and 
others. 

Retina,  Angioid  streaks  in  the.  See  p.  465,  Vol.  I of  this  Encyclopedia. 

George  Coats  {Oph.  Review,  p.  310,  Oct.,  1913)  in  reviewing  the 
essay  of  H.  Bayer  {Klin.  Monatshl.  f.  Augenh.,  Vol.  LI,  p,  766,  1913) 
remarks  that  to  our  knowledge  of  these  peculiar  formations  patholog- 
ical anatomy  has  given  but  little  aid.  Lister  attributing  them  to  a 
formation  of  new  vessels  beneath,  or  in  outer  layers  of  the  retina, 
i\Iagitot  stating  categorically  that  new  vessels  are  absent,  and  ascribing 
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the  appearances  to  regressive  changes  in  old  hemorrhage.  Since  no  oph- 
thalmoscopic examination  had  been  possible  in  his  cases,  Lister  admits 
that  his  explanation  is  no  more  than  a suggestion ; perhaps  the  finding 
of  new  vessels  in  eyes  blind  from  irido-cyclitis  is  not  of  very  great 
significance.  In  Magitot’s  case  an  ophthalmoscopic  examination  had 
been  made,  but  not  for  a year  before  death,  and  as  the  patient  died  of 
apoplexy  it  is  very  possible  that  much  of  the  retinal  hemorrhage  had 
occurred  during  the  intervening  period ; moreover,  the  eyes  were  not 
fixed  for  24  hours  after  death,  and  Bayer,  having  examined  a prepara- 
tion from  Magitot’s  ease,  disagrees  with  his  conclusions  and  believes 
that  the  ophthalmoscopic  appearances  were  due  to  certain  small  col- 
lections of  pigmented  cells. 

Pathological  results  being  thus  equivocal  we  are  left  in  the  airy 
region  of  speculation.  It  is  certain  that  hemorrhage,  whether  as  a 
cause,  effect,  or  concomitant  of  the  condition,  is  not  infrequently  oh- 
aerved,  and  it  has  been  asserted  that  a linear  hemorrhage  has  been 
seen  to  transform  itself  into  an  angioid  streak.  Bayer  concludes  that 
the  lesion  is  in  the  outer  layers  of  the  retina,  and  that  its  cause  is 
quite  obscure,  but  that  it  does  not  depend  on  any  constitutional  con- 
dition and  is  not  senile. 

To  the  reviewer  it  appeared  that  there  was  much  to  be  said  in  fa- 
vor of  the  view  that  angioid  streaks  are  a superficial  choroidal,  and 
not  a retinal  condition.  Disease  of  the  choroid  seems  to  be  present 
in  nearly  every  case,  taking  the  form  sometimes  of  slight  superficial 
degeneration,  disturbance  of  pigment,  colloid  bodies,  etc.,  but  some- 
times of  considerable  areas  of  organizing  material,  often  mixed  with 
hemorrhage,  and  apparently  situated  on  the  surface  of  the  choroid; 
on  the  other  hand,  disease  unequivocally  confined  to  the  retina  seems 
to  be  rarely  observed.  The  presence  of  pigment  is  in  itself  a point  in  ' 
favor  of  a choroidal  origin,  for  blood  pigmentation  is  seldom  so  per- 
manent; and  the  hemorrhage  when  present  is  usually  deep,  and  with 
a flat,  rather  indefinite  appearance,  suggesting  a localization  on,  or 
in,  the  superficial  layers  of  the  choroid. 

Against  the  view  that  the  streaks  are  due  simply  to  regressive 
changes  in  an  old  hemorrhage  their  long  linear  course  and  method  of 
branching  may  be  urged;  moreover,  as  Bayer  points  out,  a purely 
hemorrhagic  origin  does  not  account  for  the  wholly  irregular  transi- 
tion from  pigmented  (presumably  old)  to  unpigmented  (presumably 
recent)  areas.  Against  the  view  that  they  are  nothing  but  new 
vessels  may  be  cited  the  great  variability  in  their  appearance  not 
only  in  different  cases,  but  in  different  parts  of  the  same  fundus;  in 
some  instances  they  are  deep-brown  or  almost  black,  in  others  they 
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have  rather  a crimson-lake  or  dark  brown-red  color,  and  in  others 
again  their  resemblance  to  vessels  is  very  great.  Moreover  their  pe- 
culiar irregularities  of  calibre,  their  manner  of  tapering  and  expand- 
ing, the  fact  that  their  lateral  limits  are  sometimes  not  linear  but 
slightly  frayed  or  irregular,  the  observation  that  they  may  be  ap- 
parently interrupted  by  white  areas  beyond  which  their  course  is 
continued,  the  abnipt  way  in  which  they  seem  to  begin  and  end 
without  evident  connection  with  choroidal  or  retinal  vessels — these 
are  points  which  appear  to  show  that  something  more  is  in  question 
than  a simple  new  formation  of  vascular  channels. 

Their  appearance,  to  the  reviewer,  suggests  fine  vessels,  patent  or 
occluded,  lying  on  the  surface  of  the  choroid  and  partially  or  com- 
pletely concealed  by  a heaping  up  of  pigment  along  their  course. 
Such  vessels  are  sometimes  found  pathologically  embedded  in  a small 
quantity  of  fibrous  tissue  and  situated  between  the  membrane  of 
Bruch  and  the  pigment  epithelium;  they  have  points  of  resemblance 
to  the  new  vessels  which  may  form  on  the  surface  of  the  iris,  and 
probably  have  the  same  tendency  to  run  athwart  the  vascular  sys- 
tem of  the  part.  If  such  small  twigs  ran  into  the  choroidal  vessels 
under  their  covering  of  pigment  their  apparently  abrupt  commence- 
ment and  termination,  and  their  lack  of  connection  with  the  retinal 
vessels  would  be  explained.  The  hemorrhage  may  be  due  to  the  rup- 
ture of  such  vessels,  but  it  is  possible  also  that  it  may  have  a more 
primary  significance,  and  that  its  organization  and  absorption  may 
be  causal  factors  in  the  development  of  the  vessels. 

All  this,  however,  is  no  more  than  a guess.  The  solution  of  the 
question  must  come  from  the  pathological  anatomist.  If  it  be  true 
as  is  stated  by  Walser  that  the  streaks  can  be  rendered  entoptically 
visible,  then  the  lesion  must  be  in  front  of  the  rods  and  cones,  bui 
the  observation  is  obviously  liable  to  error  in  any  but  a very  intel- 
ligent patient,  and  it  is  difficult  to  reconcile  it  with  Walser ’s  further 
statement  that  the  lesion  is  situated  in  the  hexagonal  pigment  layer 
of  neuro-epithelium. 

William  Zentmayer  {Trans.  Coll.  Phys.^  Phila.,  Oct.  16,  1913)  has 
also  presented  a case  of  angioid  streaks  in  the  retina.  So  far  as  pos- 
sible to  judge  by  comparison  of  the  fundi  at  the  present  time  with 
the  colored  reproductions  made  five  years  ago,  the  only  changes  that 
have  occurred  are  a complete  absorption  of  the  hemorrhage  that  was 
present  in  the  macular  region,  an  apparent  increase  in  peripheral 
chorioretinitis,  and  a loss  of  transparency  of  the  retina  throughout, 
which  has  rendered  the  streaks  less  conspicuous.  The  streaks  them- 
selves show  no  alteration.  Zentmayer  does  not  accept  the  view  that 
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these  streaks  are  the  result  of  metamorphosed  blood,  but  inclines  to 
the  belief  that  they  are  new-formed  vessels. 

de  Schweinitz  referred  to  the  case-records  of  two  patients  with 
angioid  streaks  in  the  retina  that  he  had  published,  these  patients 
being  brothers,  and  to  the  fact  that  he  had  been  able  to  keep  one  of 
the  patients  under  observation  for  about  a year  without  noting  any 
decided  change  in  the  fundus  lesions.  An  interesting  appearance  in 
the  eye-ground  was  a large  hemorrhagic  area  in  the  macular  region 
from  which  a number  of  angioid  streaks  appeared  to  diverge,  very 
much  as  streams  might  from  a pond,  and  this  had  led  him  at  the 
time  to  accept  the  theory  that  these  angioid  streaks  might  represent 
a metamorphosis  of  hemorrhages  dilfused  in  a linear  manner 
through  the  deeper  layers  of  the  retina,  as  Ward  Holden  had  sug- 
gested. He  was  not  then  acquainted  with  Lister’s  observations, 
which  certainly  represent  a more  satisfactory  explanation  of  the  con- 
dition. 

Retina,  Angiomatosis  of  the.  Angioma  of  the  retina.  Any  form  of 
blood-vessel  tumor  is  of  rare  occurrence  in  the  retina.  Von  Hippel 
(Graefe’s  Archiv  fur  Ophthalmologie,  LXXIX,  ii,  p.  350,  1912)  dis- 
cusses one  form  of  this  condition,  reviewed  by  Coats  {Oph.  Revieiv, 
p.  347,  Nov.,  1912).  It  is  characterized  by  the  enormous  enlargement 
of  an  artery  and  vein  in  one  or  more  regions  of  the  fundus,  the 
swollen  vessels  disappearing  in  the  periphery  into  a red  or  yellow 
area.  The  two  vessels  are  usually  strikingly  similar  in  color.  Hem- 
orrhages and  exudation  are  frequently  present  in  the  retina,  and 
the  disease  usually  progresses  very  slowly  under  observation.  The 
first  case  was  described  by  Fuchs,  and  pathological  examinations 
have  been  made  by  Treacher  Collins  and  Czermak. 

In  von  Hippel ’s  case  the  eye  was  lost  from  secondary  glaucoma  16 
years  after  the  onset  of  the  disease.  In  the  meantime  the  retina  bad 
become  detached  and  displaced  into  the  lower  temporal  quadrant,  so 
that  no  exact  orientation  or  comparison  with  the  former  ophthalmo- 
scopic pictures  was  possible.  A short  distance  from  the  papilla  on 
the  temporal  side  the  retina  ran  into  a tumor-like  mass,  which  lined 
the  interior  of  the  globe,  and  consisted  exclusively  of  coils  of  vessels 
supported  by  neuroglial  tissue,  much  proliferated  in  places.  These 
vessels  were  mostly  of  capillary  size,  and  it  was  difficult  to  demon- 
strate that  the  main  retinal  vessels  broke  up  to  form  them ; rather 
the  larger  vessels  seemed  to  run  through  the  angiomatous  tissue. 
More  anteriorly  isolated  glomerulus-like  nodules  of  similar  angio- 
matous structure  occurred  in  the  inner  layers  of  the  retina,  and  pro- 
jected into  the  vitreous.  Hemorrhage  was  present  in  the  subchoroi- 
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dal  space  as  well  as  in  the  retina  near  the  papilla  and  anteriorly. 
Some  of  the  vessels  showed  endarteritis,  endophlebitis  and  throm- 
bosis. The  central  vessels  were  patent,  and  apart  from  the  presence 
of  a few  leucocytes  in  their  walls,  were  normal. 

Masses  of  cicatricial  tissue  and  bone  were  found  on  the  surface  of 
the  ehoroid,  atid  in  one  place  a large  retinal  artery  had  acquired  a 
connection  with  the  choroidal  vessels,  which  were  gigantically  en- 
larged. The  other  changes  were  those  of  iritis  and  secondary  glau- 
coma. 

The  author  was  able  to  compare  his  case  with  unpublished  draw- 
ings and  photographs  of  Czermak’s,  in  whose  case  the  choroid  was 
not  so  much  involved.  In  the  retina  well-defined  egg-shaped  and 
round  nodules  occurred,  within  which  an  artery  and  vein  broke  up  to 
form  more  or  less  close-textured  networks  of  capillary  loops.  Many 
of  the  vessels  were  thick-walled.  There  were  signs  of  iritis  and  sec- 
ondary cataract. 

There  can  be  no  doubt  of  the  essential  similarity  of  the  disease  in 
the  cases  of  Treacher  Collins,  Czermak  and  v.  Hippel,  and  the  lat- 
ter seems  to  be  fully  justified  in  considering  the  process  to  be  funda- 
mentally a formation  of  vascular  tumors — an  angiomatosis — of  the 
retina.  The  enlargement  of  vessels  is  probably  secondary  to  this 
vascular  new-formation,  and  the  similarity  of  color  in  the  artery  and 
vein  is  most  likely  attributable  to  an  undue  patency  of  communi- 
cation between  them  through  the  enlarged  capillaries.  Vascular  dis- 
ease seems  to  be  present  relatively  early.  Retinal  exudation,  de- 
tachment and  hemorrhage  are  probably  secondary. 

V.  Hippel  discusses  the  relationship  of  the  disease  with  certain 
cases  described  by  the  reviewer  under  the  title  “retinal  disease  with 
massive  exudation.”  He  holds  that  the  two  conditions  are  essen- 
tially different,  although  the  cause  of  the  white  exudation  in  the 
fundus  may  be  the  same  in  each — deep  retinal  or  subretinal  hemor- 
rhage. The  pathological  examinations  now  available  are  probably 
sufficient  to  bear  out  this  opinion,  which  is  indeed  practically  the 
same  as  that  expressed  by  the  reviewer,  who  pointed  out  that  there 
were  no  cases  transitional  between  the  present  disease  and  his  other 
cases,  and  who  accepted  the  condition  as  “a  genuine  simple  tumor 

of  the  retina.”  t 

Additional  eases  are  abstracted  in  the  Ophthalmic  Year-Book, 
1916,  Emanuel  examined  the  eye  of  a boy  of  2 years  removed  on  ac- 
count of  suspected  glioma.  In  the  retina  hemorrhages  and  exuda- 
tion were  found,  together  with  cysts,  colloid  and  hyaline  degenera- 
tion. A homogeneous  substance  was  deposited  in  the  subretinal 
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space  and  outer  retinal  layers.  In  the  inner  layers  of  the  retina 
was  a tremendous  accumulation  of  large  vessels.  The  case  is  de- 
clared to  be  one  of  angiomatosis  and  not  one  of  exudative  retinitis 
(Coats)  because  of  the  just  mentioned  vascular  changes,  and  be- 
cause in  the  ciliary  body  a tumor-like  proliferation  of  blood  vessels, 
mostly  capillaries,  was  found. 

Wada’s  patient,  a man  of  24  years,  whose  vision  failed  within  four 
months,  showed  a light,  dirty-gray  fundus  with  red  areas  in  the 
lower  temporal  periphery  surrounded  by  a grayish-white  zone.  An 
artery  and  vein  looking  very  much  alike,  united  in  this  area.  Later 
a new  gray  area  with  a red  spot  in  the  center  developed. 

Of  the  cases  reported  by  Meller,  Vossius  (2),  Stern  and  Bane  the 
last  was  seen  but  once,  when  the  man  was  32.  Defective  vision  had 
been  noticed  for  four  and  three  years,  respectively;  but  the  sketch 
of  the  ophthalmoscopic  appearances  made  at  the  time  showed  them 
to  be  perfectly  characteristic.  Vossius’  first  case  showed  the  right 
eye  with  vision  reduced  to  counting  fingers  at  2 or  3 meters,  while  the 
left  still  had  normal  vision,  but  with  characteristic  changes  in  the 
ocular  fundus.  The  second  case  had  only  recently  noticed  impair- 
ment of  vision  in  her  better  eye,  the  other  having  been  injured  in 
childhood.  The  case  reported  by  Stern  was  that  of  a man  of  21,  who 
had  noticed  impairment  of  vision  in  the  left  eye  for  seven  years, 
followed  in  a year  and  a half  by  pain,  and  later  complete  blindness 
from  shrinking  of  the  globe.  Recently  he  had  noticed  that  the  right 
eye  was  weaker  and  vision  reduced  to  %.  The  ophthalmoscope 
showed  the  characteristic  retinal  changes.  JMeller’s  patient,  a youth 
of  20,  had  noticed  impairment  of  his  left  eye  seven  years  before.  It 
became  blind  in  a year,  but  without  pain.  It  now  had  a shrunken, 
calcareous  lens.  In  the  right  eye  vision  was  reduced  to  6/60,  and 
the  usual  vascular  changes  were  noted.  This  patient  gave  a tuber- 
culin reaction. 

In  discussing  his  case  Meller  puts  forward  the  view  that  the 
thickening  of  the  retina  is  due  to  non-inflammatory  proliferation  of 
the  glial  tissue,  which  is  the  primary  change,  and  that  the  altera- 
tions in  the  vessels  are  secondary  to  this;  in  oppositon  to  the  view 
of  von  Hippel  that  the  proliferation  of  the  glia  is  secondary  to  the 
^ vascular  changes.  In  harmony  with  his  own  view,  Meller  suggests 
that  the  proper  name  for  the  condition  is  not  “angiomatosis”  of 
the  retina,  but  “gliosis  retinae  diffusa  teleangiectodes. ” Darier, 
writing  on  retinal  angiomatosis,  reproduces  the  description  of  the 
case  which  he  first  reported  in  1890.  Of  the  two  cases  reported  by 
Pooley  as  angioma  of  the  retinal  vessels,  and  Grimsdale’s  case  of 
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exudation  of  the  retina  with  dilated  vessels,  the  details  given  in  the 
case  histories  are  not  sufficent  to  determine  certainly  whether  these 
are  cases  of  angiomatosis.  See,  also,  Retina,  Juvenile  diseases  of 
the. 

Retina,  Angiosclerosis  of  the.  Arteriosclerosis  op  the  retina.  Ret- 
IN^VL  SCLEROSIS.  See  p,  614,  Vol.  I of  this  Encyclopedia.  In  addi- 
tion, attention  is  drawn  to  the  following. 

Deyl  {Wien.  Klin.  Rundschau,  Aug.  25,  1912)  remarks  that  if 
the  pressure  that  must  be  applied  to  the  eyeball  to  bring  about  nor- 
mal pulsation  in  the  papillary  arteries,  is  to  be  increased,  the  wall 
of  the  blood-vessel  may  be  considered  more  rigid  in  consistence,  but 
if  pulsation  in  the  retinal  arteries  can  be  produced  by  lighter  pres- 
sure than  normally,  then  the  blood  pressure  is  either  diminished  or 
the  structure  of  the  vessel  wall  is  pathologically  changed. 

The  close  relationship  between  retinal  angiosclerosis  and  cerebral 
angiosclerosis  makes  arterial  hypertension  in  the  eye  an  important 
diagnostic  symptom  in  various  cases  of  paralysis  of  the  eye  muscles, 
in  intraocular  neuritis  and  in  choked  disc.  These  pathological 
changes  can  be  produced  by  serious  cerebral  disease  or  by  arterio- 
sclerosis. 

In  cases  of  hemorrhagic  glaucoma,  where  transillumination  can- 
not be  applied,  the  differential  diagnosis  between  hemorrhagic  glau- 
coma and  intraocular  tumor  can  be  made  by  examining  the  arterial 
tension  in  the  other  eye. 

A review  of  R.  Foster  Moore’s  essay  {Trans.  Ophth.  Soc.  U.  K., 
Vol.  36,  p.  319,  1916)  is  published  in  the  Br.  Jour,  of  Ophthalm., 
p.  253,  Apr.,  1917. 

Following  the  teaching  of  Gull  and  Sutton  (1872),  Moore  regards 
the  primary  change  in  arterio-sclerosis  as  a general  disease,  com- 
mencing in  the  arterioles  and  smaller  arteries  and  producing  second- 
arily increased  resistance  to  the  onward  passage  of  the  blood,  caus- 
ing the  tissues  to  suffer  in  their  nutrition.  This  leads  to  an  increase 
in  the  force  of  the  heart-beat,  and  hypertrophy,  together  with  in- 
creased pressure  in  the  large  arteries,  follows. 

In  the  present  communication  the  author  adduces  reasons  for  be- 
lieving that,  at  any  rate  in  some  cases  of  arterio-sclerosis,  the  pres- 
sure in  the  intra-ocular  vessels  so  far  from  being  raised,  may  be  ac- 
tually le.ss  than  nonnal.  It  was  shown  by  Gull  and  Sutton  that  so- 
called  “ arterio-capillary  fibrosis”  affected  the  vessels  of  the  pia 
mater,  kidney,  spleen,  lungs,  etc.  But  if  Moore’s  suggestion  with  re- 
gard to  the  pres.sure  in  the  small  vessels  of  the  eye  can  be  substan- 
tiated, it  is  also  doubtless  true  of  the  other  vessels.  It  is  pointed  out 
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that  the  conditions  in  the  eye  can  be  investigated  upon  lines  that  are 
not  available  in  other  parts  of  the  body,  owing  to  the  ophthalmoseope 
and  Schiotz  tonometer.  Normally,  the  blood  enters  the  eyeball 
tlirongh  the  central  retinal  and  ciliarj^  arteries  at  a pressure  of  100 
mm.  of  mercury  (Leonard  Hill),  and  is  opposed  by  an  intra-ocular 
pressure  of  about  20  mm.  of  mercury.  Pulsation  is  not  seen  in  the 
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retinal  artery,  although  if  the  intraocular  pressure  be  raised  by  fin- 
ger pressure,  it  will  he  found  that  when  the  intra-ocular  pressure 
is  raised  by  that  means  to  a point  in  excess  of  the  diastolic  arterial 
pressure,  blood  enters  only  during  systole,  and  the  central  artery,  as 
observed  with  the  ophthalmoscope,  pulsates.  Moore  points  out  that 
in  some  cases  of  arterio-sclerosis,  vdth  very  high  pressures  in  the 
larger  arteries,  a degree  of  pressure  with  the  finger  is  sufficient  to 


RETINA,  ANGIOSCLEROSIS  OF  THE 


11195 


produce  pulsation,  which  is  less  than  that  required  in  a healthy 
patient.  The  inference  is  that  in  such  cases  the  diastolic  pressure  in 
the  retinal  artery  is  less  than  that  of  a patient  with  a normal  blood- 
pressure.  There  are  special  difficulties  in  the  way  of  estimating  the 
systolic  pressure  in  a similar  manner.  Evidence  from  a considera- 
tion of  variations  in  the  intra-ocular  pressure  bears  upon  the  mean 
pressure  in  the  intra-ocular  vessels,  but  does  not  differentiate  the  sys- 
tolic from  the  diastolic.  Its  bearing,  also,  is  upon  the  pressure  in 
the  ciliary  vessels,  since  it  is  upon  them  that  the  intra-ocular  pres- 
sure depends. 

In  connection  with  the  conclusion  that  the  mean  pressure  in  the 
ciliary  arterioles  and  capillaries  is  not  raised  as  a result  of  a very 
high  pressure  in  the  large  vessels,  the  following  additional  observa- 
tions are  of  some  importance. — The  pulse  wave  from  inside  the  eye- 
ball is  transmitted  to  the  lever  of  the  Schiotz  tonometer.  In  the 
presence  of  severe  arterio-sclerosis  the  lever  shows  less  amplitude  of 
movement,  and  in  a few  cases  no  pulse  is  to  be  seen.  Sixty-one  pa- 
tients were  examined  from  this  point  of  view,  and  the  average  systolic 
blood-pressure  of  the  three  groups  into  which  they  were  divided  was 
afterwards  worked  out.  The  figures  were  as  follows: 


Number  of  Average  systolic 
patients.  blood-pressure. 


Pulse  movement  of  lever. 

Well  seen  

Poorly  seen  

Not  seen  at  all 


25  168  mm.  Hg. 

29  190  mm.  Hg. 

7 225  mm.  Hg. 


From  the  foregoing  figures,  it  will  be  seen  that  the  amplitude  of 
the  pulse  movement  is  inversely  proportional  to  the  degree  of  arterio- 
sclerosis as  judged  by  the  blood-pressure,  and  allowing  for  the  fact 
that  local  changes  in  the  vessels  would  tend  to  prevent  the  trans- 
mission of  the  pulse  to  the  other  contents  of  the  eyeball,  the  obser- 
vations are  at  least  compatible  with  the  view  that  the  pressure  in  the 
ocular  vessels  is  not  raised. 

If  the  ocular  vessels  are  the  subject  of  sclerosis  and  the  blood-pres- 
sure within  them  is  not  compensatorily  raised,  the  retinal  functions 
are  likely  to  be  impaired,  and  this  may  be  brought  about  in  two  chief 
ways:  (1)  there  may  be  thrombosis  in  the  artery;  (2)  there  may 
be  a gradual  impairment  due  to  a relative  starvation  of  the  tissues. 

Moore  watched  five  belonging  to  the  first  group  of  cases  for  sev- 
eral years.  He  notes  that  all  the  patients  were  the  subject  of  marked 
arterio-sclerosis,  with  obvious  disease  of  the  retinal  vessels.  The  on- 
set usually  occurred  at  night.  He  has  recently  seen  a man  who  com- 
plained of  defect  of  sight  as  soon  as  he  recovered  from  an  anesthetic. 
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given  for  the  performance  of  a somewhat  severe  operation.  The  im- 
mediate cause  of  the  thrombosis  was  doubtless  the  lowered  blood- 
pressure  during  somewhat  prolonged  anesthesia.  As  regards  the 
second  group  of  cases,  deterioration  of  sight  is  gradual,  and  such  pa- 
tients may  develop  thrombosis  of  the  artery. 

It  appears  probable  that  the  only  sites  in  the  body  other  than  the 
eye  in  which  thrombosis  of  a vessel  of  the  size  of  the  retinal  artery 
would  give  rise  to  immediately  noticeable  symptoms  are  the  heart, 
the  internal  ear,  and  parts  of  the  central  nervous  system. 

Moore,  in  conclusion,  suggests  that  vigorous  measures  directed 
towards  the  lowering  of  blood  pressure,  whilst  they  may  relieve  a 
failing  heart  or  avert  a cerebral  hemorrhage,  are  liable  to  act  inimi- 
cally  towards  the  nutrition  of  the  tissues  of  the  body,  by  further  re- 
ducing the  already  curtailed  blood  supply,  and  making  the  occur- 
rence of  thrombosis  in  the  small  vessels  more  probable. 

Arnold  Knapp  {Medical  Becord,  May  29,  1915)  summarizes  the 
commonly  received  beliefs  regarding  the  prognostic  significance  of 
sclerotic  changes  in  the  retinal  vessels  as  follows: 

1.  Distinct  arteriosclerotic  changes  in  the  retinal  vessels  indicate 
a similar  state  in  the  cerebral  vessels,  but  not  the  reverse. 

2.  Slight  changes  are  suggestive  and  of  importance  if  associated 
with  other  symptoms  of  arteriosclerosis. 

3.  “Silver  wire”  retinal  arteries  and  retinal  hemorrhages,  if  no 
disturbance  of  the  blood  constituents  is  present,  are  each  indicative 
of  raised  pressure. 

4.  In  nephritis  and  diabetes  there  are  changes  in  the  retina  due 
to  arteriosclerosis  which  'are  independent  of  and  give  a different 
prognosis  from  the  usual  albuminuric  and  diabetic  retinitis. 

5.  Syphilitic  disease  of  the  retinal  vessels  has  no  general  prog- 
nostic significance;  thrombosis  of  the  central  vein  is  in  more  than 
one  half  of  the  cases  purely  a local  lesion. 

6.  Temporary  obscurations  of  vision  in  patients  with  arterioscle- 
rotic changes  of  the  retinal  vessels  are  of  grave  significance  for  sight. 

Retina,  Angiosarcoma  of  the.  An  example  of  this  rare  tumor  was 
reported  by  Cyril  Walker  {Trans.  Oph.  Soc.  TJn.  Egdom.,  April, 
1915).  The  patient,  ast.  4 years,  was  seen  on  November  11th,  1914. 
Eight  months  before  there  was  said  to  have  been  a film  over  the 
right  eye;  no  pain  or  redness.  It  disappeared  in  about  six  weeks. 
In  June  and  September  there  was  some  pain  in  the  eye,  but  the  boy 
had  regularly  attended  school  to  the  end  of  October.  The  right 
eye  was  seen  to  be  the  seat  of  a brownish-yellow  hypopyon.  There 
was  no  ophthalmoscopic  reflex;  the  tension  was  normal,  and  the 
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pupil  dilated  well  with  atropine.  There  was  doubtful  perception  of 
light.  Ten  days  later  the  eye  became  red  and  tender,  and  there  was 
some  continuous  pain ; the  tension  was  + 1.  The  contents  of  the 
anterior  chamber  were  evacuated,  and  Walker  Hall  reported  that 
the  material  was  probably  sarcomatous.  The  eye  was  accordingly 
excised,  and  submitted  to  the  same  authority.  Early  in  December 
some  3 inches  of  the  stump  of  the  optic  nerve  was  removed,  with  a 
mass  of  tissue  surrounding  it.  Pathological  examination  showed  that 
recurrence  had  commenced  in  the  stump  of  the  nerve  and  the  sur- 
rounding tissues,  but  there  was  a small  margin  of  healthy  tissue.  Re- 
currence took  place  within  a fortnight  of  the  second  operation,  and 
then  the  mass  had  attained  the  size  of  a cocoanut.  The  boy’s  mental 
condition  was  not  affected,  and  there  had  been  no  metastasis.  The 
specimen  showed  that  the  ciliary  region  was  not  invaded. 

Retina,  Anomalies  of  the.  See  Congenital  anomalies  of  the  eye,  p. 
2921,  Vol.  IV  of  this  Encydo^&(Ma. 

Congenital  absence  of  the  arterm  centralis  retince.  is  reported  by 
R.  I.  Lloyd  {Jour.  Ophthal.,  Otol.  and  Laryngol,  August,  1915)  in 
the  eye  of  a man  who  had  divergent  squint  of  nine  years’  duration. 
There  were  no  central  vessels  in  the  nerve  head.  There  was,  how- 
ever, the  usual  vascular  arrangement  in  the  fundus  and  some  large 
ciliary  vessels.  There  were,  also,  pigment  changes  on  the  macular 
side  of  the  disc  and  a large  plaque  of  glistening  white  material  which 
occupied  the  whole  macular  region. 

Cilioretinal  vessels.  See  p.  615,  Vol.  I,  and  p.  2242,  Vol.  Ill  of  this 
Encyclopedia. 

Coats  recognizes  three  varieties  of  anastomoses  between  the  retinal 
and  ciliary  vessels  about  the  nerve  entrance,  (a)  Arterial  anasto- 
moses at  the  level  of  the  sclera  in  connection  with  the  circle  of  Zinn. 
(b)  Both  arterial  and  venous  at  the  level  of  the  choroid  which  run, 
(1)  forwards  to  share  in  the  vascularization  of  the  papilla,  (2) 
straight  inwards  in  the  substance  of  the  nerve,  (3)  backwards  within 
the  pial  sheath.  He  reports  a case  which  illustrates  all  three  of  these 
plans  with  enlarged  veins.  In  one  eye  a large  trunk  collecting  blood 
from  the  retina  passed  back  at  the  margin  of  the  disk.  In  the  other 
eye  the  veins  from  the  choroid  collected  to  form  a trunk  on  the  disk 
that  emptied  into  the  central  retinal  vein. 

E.  Fuchs  {Arch.  f.  Ophthalmol,  XCII,  1, 1917)  refers  to  the  anoma- 
lies that  Seefelder  and  Lindenfeld  discovered  in  the  pars  optica  and 
pars  ciliaris  of  the  retina  in  fetal  eyes.  These  and  further  (congeni- 
tal) defects  often  involve  also  the  optic  nerve.  The  writer  found  in 
the  pars  optica:  1.  Small  “rosettes”  (ring-shaped  arrangements  of 
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cells).  They  were  situated  within  the  inner  nuclear  layer,  but  were 
formed  mainly  by  cells  belonging  to  the  outer  nuclear  layer.  2. 
Folds  of  the  retina.  These  folds  are  not  complete,  i.  e.,  there  is  no  fold- 
ing of  the  entire  retina.  The  outer  layers  only  are  pushed  beyond  the 
inner  layers  and  then  bent  backward.  3.  One  small  cyst;  which 
may  have  been  originally  a fold. 

As  anomalies  of  the  pars  ciliaris  they  describe:  1.  A growth  of 
the  cylindrical  cells  bejmnd  the  inner  surface  of  the  bordering  pars 
optica,  where  they  expand  and  sometimes  form  minute  cysts.  2. 
Areas  within  the  pars  plana  of  the  ciliary  body,  where  the  ciliary 
epithelium  contains  multiple  nuclei  instead  of  one  single  row.  These 
multiple  nuclei  are  arranged  in  a radiated  direction. 

The  researches  of  Fuchs  himself  refer  not  to  fetal  eyes,  but  to  eyes 
that  were  developed.  His  material  consisted  of  seven  eyes,  one  of  a 
child  of  7,  one  of  8,  one  of  14  years ; and  4 of  adults.  The  four  first 
mentioned  had  been  enucleated  on  account  of  recent  injuries;  the 
others  were  post-mortem.  First  as  to  the  pars  optica.  1.  Rosettes 
were  not  found  in  any  of  the  specimens.  2.  Folds  of  the  retina  were 
met  with  in  case  1 and  3.  These  were  also  incomplete,  consisting 
partly  in  fold-like  processes  of  the  retina  with  at3^pical  structure, 
partly  through  a forward  inthrust  of  the  external  layers.  Fuchs 
found  three  of  the  first  and  two  of  the  second  character.  3.  Of  cysts 
only  one  instance  was  met  wuth  in  case  1.  It  vms  situated  in  the  equa- 
torial region  of  the  temporal  half.  Its  structure  was  more  compli- 
cated than  the  one  described  by  Seefelder.  The  inner  space  of  the 
cyst  was  slightly  oval;  the  surrounding  layers  of  the  retina  were 
somewhat  thinned.  The  inner  wall  of  the  e3’'st  was  formed  by  cells 
that  resembled  the  cells  of  the  outer  nuclear  laj^er.  Within  the  cav- 
ity of  the  cyst  there  were  a number  of  large,  very  pale  cells  that  re- 
sembled epithelial  cells  where  they  are  packed  closely.  They  were 
filled  by  small,  irregular,  slightly  luminous  corpuscles.  Whether  they 
were  due  to  fatty  degeneration  or  whether  they  were  cells  of  the  pig- 
ment epithelium,  whose  pigment  had  faded,  is  an  open  question. 
4.  Irregular  growth  and  hypertrophy  of  the  pars  optica  was  met 
with  in  a number  of  the  cases.  In  one  instance  the  ora  serrata 
reached  farther  forward  than  in  normal  eyes,  the  distance  from  the 
iris  angle  being  4 mm.,  temporally,  and  3.3  mm.,  nasally,  against  5.6 
and  4.6  mm.  in  normal  eyes.  5.  An  anomaly  not  mentioned  by  the 
previous  authors,  is  a thinned  portion  of  the  retina.  Fuchs  found  two 
instances  of  this  condition.  The  thinning  of  the  retina  was  reduced 
to  1/6  of  its  normal  thickness.  These  areas  were  located  in  the  equa- 
torial region,  along  different  meridians. 
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Pars  ciliaris.  1.  Hypertrophy  of  the  cylinder  cells  was  seen  in 
quite  a number  of  the  cases.  The  tinding-s  resembled  very  closely 
those  in  fetal  eyes.  2.  Just  as  frequently  areas  were  encountered 
where  the  ciliary  epithelium  contained  more  than  one  row  of  cells ; in 
some  instances  four  or  five  rows  of  nuclei  were  present.  3.  As  a 
third  anomaly,  Huchs  discovered  the  presence  of  ‘ ‘ islands  of  atypical 
retina  within  the  pars  ciliaris.  ” In  3 cases  instances  of  this  anomaly 
were  found.  They  were  quite  numerous  in  each  of  the  specimens. 
Fuchs  gives  the  following  description;  Within  a brief  space  the 
row  of  epithelial  cells  is  replaced  by  a piece  of  atypical  retina,  which 
consists  of  a network  of  glia  filled  irregularly  by  nuclei.  This  piece 
of  retina  is  considerably  thicker  than  the  ciliary  epithelium.  It  is 
also  larger  in  area  and,  in  order  to  find  room  wdthin  the  smaller 
vacuum  of  the  epithelium,  it  is  folded.  It  appears,  therefore,  like 
a fungus  with  a strangulated  base. 

Comis  from  the  papilla  dotvnivard.  In  1913  Tertsch  collected  seven 
cases,  one  his  own,  where  a downward  conus  had  been  found  ophthal- 
moscopically  and  where  afterwards  an  anatomic  examination  could 
be  made.  Fuchs  adds  to  these  three  eases  and  gives  a minute  descrip- 
tion of  the  findings.  In  the  first  ease  the  ophthalmoscope  revealed 
a white  conus  downward  and  slightly  inward,  about  half  as  wide  as 
the  papilla.  The  latter  itself  was  oval  and  was  rounded  by  the  conus. 
Distribution  of  the  bloodvessels  wms  somewhat  irregular;  exeavation 
was  of  small  degree.  The  eye  was  of  normal  size  and  showed  a slight 
bulging  of  the  sclera  in  the  lower  half.  The  optic  nerve  entered  the 
eyeball  obliquely  from  below  upward.  Within  the  scleral  canal  it 
made  a sharp  bend  in  the  opposite  direction,  so  that  its  axis  formed 
an  angle  that  opened  downward.  The  sclera  was  of  normal  thickness. 
The  nerve  fibres  were  also  normal.  Below  the  optic  nerve  the  sclera 
bulged.  The  anterior  portion  of  the  lower  wall  of  the  scleral  canal 
down  to  the  place  where  the  choroid  commences  appeared  ophthal- 
moscopically  as  a white  conus. 

In  the  second  case  the  width  of  the  conus  was  one-third  that  of  the 
papilla.  There  was  also  a bulging  of  the  sclera  below  the  entrance  of 
the  optic  nerve.  As  the  latter  had  been  severed  very  closely  to  the 
eyeball,  nothing  could  be  stated  on  the  direction  of  its  insertion.  Above 
the  edge,  the  scleral  canal  and  the  choroid  projected  below  and  were 
flattened'  In  case  3 the  conus  was  the  smallest.  The  eye  was  of 
normal  size  and  the  sclera  did  not  bulge.  The  optic  nerve  entered 
the  sclera  vertically.  Above  its  entrance  the  scleral  canal  and  the 
choroid  projected  a.s  in  the  2nd  case,  but  to  a less  degree;  below  they 
were  bent  and  flattened. 
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The  changes  found  by  Fuchs  are  similar  to  those  found  by  previous 
authors.  The  width  of  the  conus  is  proportional  to  the  degree  of 
the  changes  around  the  optic  nerve.  If  the  latter  are  small,  the 
form  of  the  eyeball  is  normal ; if  larger,  the  sclera  bulges  below  the 
papilla.  This  ectatic  area  of  the  sclera  is  thinned  and  in  some  in- 
stances also  the  choroid  and  the  retina  are  found  thimied.  The 
pathologic  findings  in  cases  of  conus  downward  are  identical  with 
those  in  temporal  conus.  Both  ;are  the  result  of  the  ectasia  of  the 
sclera.  The  term  coloboma  is  therefore  inappropriate.  But  the  im- 
portant difference  between  temporal  conus  and  conus  dowmward 
lies  in  the  fact,  that  the  former  commences  during  life  and  is  fre- 
quently progressive,  whilst  the  latter  is  con,genital  and  stationary. 
It  is  also  frequently  complicated  by  other  congenital  anomalies,  and 
in  nearly  all  the  cases  astigmatism  and  impairment  of  vision  are 
present.  See,  also.  Conus,  p.  3286,  Vol.  VI  of  this  Encyclopedm. 

Excrescences  of  rudimentary  retina  at  the  edge  of  the  papilla. 
These  excrescences  are  irregular  lobules,  which  consist  of  mesodermal 
glia,  nerve,  fibres  and  elements  of  the  retina.  They  grow  from  the 
optic  nerve  within  the  scleral  ring  or  immediately  after  its  exit.  Of 
elements  of  the  retina  those  of  the  nuclear  layer  are  most  frequent- 
ly found,  imbedded  in  a network  of  glia.  Fuchs  divides  the  cases  into 
two  categories : excrescences  that  grow  on  the  inner  plane  of  the  sclera 
under  the  choroid,  and  excrescences  that  grow  backward  into  the  op- 
tic nerve,  into  the  subdural  space  or  into  the  sclera.  Of  the  first 
categoi-y  there  are  11  cases  on  record,  7 of  the  author’s:  of  the  latter 
9 cases  (1  the  author’s).  With  one  exception  the  direction  of  the 
excrescences  under  the  choroid  was  a downward  one.  They  are  gen- 
erally pedunculated  while  the  excrescences  backward  occur  in  the 
form  of  a finger. 

Retina,  Apoplexy  of  the.  Hemorrhage  into  the  retina.  The  differ- 
entiation between  retinal  apoplexy  and  hemorrhagic  retinitis  rests 
on  the  presence  of  signs  of  inflammation.  A hemorrhage  occurring 
in  an  eye  whose  retina  otherwise  appears  normal  is  kno^vn  as  retinal 
apoplexy;  if  signs  of  inflammation  of  the  retina  are  present,  the 
condition  is  called  hemorrhagic  retinitis. 

When  the  hemorrhages  involve  the  macula  there  is  great  reduction 
in  acuity  of  vision.  Often,  however,  the  macula  is  free,  the  hemor- 
rhages being  numerous  and  situated  peripherally,  in  which  case  cen- 
tral vision  will  be  normal.  Scotomata  due  to  such  lesions  will  often 
remain  unnoticed  by  the  patient.  Ophthalmoscopieally  apoplexy  of 
the  retina  presents  red  or  black  spots,  which  may  vary  in  size,  shape, 
and  number.  They  contrast  strongly  with  the  bright-red  fundus! 
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They  may  involve  any  of  the  retinal  layers.  When  occurring  in  the 
nerve-fibre  layer  they  present  striate  or  fiame-like  shapes.  Hemor- 
rhages into  the  deeper  retinal  layers,  or  between  the  retina  and  cho- 
roid, are  rounded  or  irregular  in  shape. 

Apoplexy  of  the  retina,  while  more  common  among  adults  of  ad- 
vanced age,  is  not  infrequent  in  both  sexes  about  the  age  of  puberty. 
The  middle-aged  and  elderly  subjects  present  lesions  of  the  heart  or 
arteries  or  changes  in  the  composition  of  the  blood.  Some  of  the 
young  subjects  are  anemic,  while  others  show  no  departure  from 
the  normal.  Sudden  reduction  of  intra-ocular  tension,  such  as  fol- 
lows an  iridectomy  made  for  glaucoma,  sometimes  causes  retinal 
apoplexy.  Some  poisons — among  which  are  serpent  virus,  phospho- 
rus, and  potassium  chlorate — may  cause  the  affection.  Among  the 
constitutional  conditions  productive  of  retinal  apoplexy  are  (accord- 
ing to  Dimmer)  septicemia,  pyemia,  anemia,  ulcerative  endocarditis, 
leucocythemia,  menorrhagia,  hematemesis,  hemophilia,  gout,  pur- 
pura, diabetes,  malaria,  scurvy;  certain  renal,  hepatic,  and  splenic 
diseases;  cardiac  hypertrophy  with  valvular  stenosis,  atheroma  of 
the  vessels,  thrombosis  of  the  central  retinal  vein,  and  embolism  of 
the  central  artery;  suffocation,  compression  of  the  carotid,  and  hem- 
orrhages in  the  newborn.  Retinal  apoplexy  sometimes  follows  large 
cutaneous  burns.  It  has  been  observed  in  cases  of  fracture  of  the 
skull. 

Hemorrhage  into  the  retina  sometimes  is  due  to  diapedesis  of  blood- 
corpuscles;  in  the  majority  of  eases,  however,  actual  rupture  of  an 
artery  or  a vein  occurs  as  a result  of  pre-existing  perivasculitis  or 
arteriosclerosis. 

The  diagnosis  will  present  no  difficulties  to  the  surgeon  who  is  fa- 
miliar with  the  use  of  the  ophthalmoscope. 

While  in  some  cases,  particularly  in  young  subjects,  retinal  apo- 
plexy is  followed  by  complete  absorption  of  the  blood  and  restora- 
tion of  vision  without  scotomata,  the  disease  in  many  instances  is  a 
serious  affection.  In  many  cases  the  apoplexy  recurs  from  time  to 
time.  There  is  increase  of  intra-ocular  tension,  and  the  condition 
is  then  known  as  hemorrhagic  glaucoma : a most  serious  disease.  In 
a period  of  weeks  or  months  the  retinal  hemorrhages  may  undergo 
absorption,  leaving  choroidal  and  retinal  changes,  which  may  be 
limited  to  small  areas  or  may  involve  the  entire  retina.  If  the  hem- 
orrhage breaks  into  the  vitreous  humor,  it  may  leave  permanent 
opacities  and  lead  to  proliferating  retinitis.  Hemorrhages  into  the 
retina  in  elderly  persons  often  precede  cerebral  hen;orrhage. 

Retinal  apoplexy  calls  for  attention  to  the  patient’s  general  health, 
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and,  when  possible,  removal  of  the  cause.  Stimulants  should  be 
avoided.  Rest,  and  the  use  of  cholagogues  and  purgatives  will  be  of 
value.  Local  bloodletting  from  the  temple  is  said  to  be  helpful.  Hy- 
podermic injections  of  pilocarpin  and  the  internal  use  of  iodid  of 
potassium  or  bichlorid  of  mercury  may  be  employed  to  stimulate 
absorption.  In  elderly  persons  a solution  of  eserin  may  be  dropped 
into  the  eye  twice  a day. — (J.  M.  B.) 

See,  also,  p.  5805,  Vol.  VIII  of  this  Encyclopedia.;  as  well  as 
Bright’s  disease,  p.  1296,  Vol.  II;  Albuminuria,  p.  207,  Vol.  I,  and 
Albuminuric  retinitis,  p.  212,  Vol.  I;  and  similar  rubrics. 

Komoto  examined  the  eyes  of  a boy  of  17,  who  suffered  from  a 
hemorrhagic  diathesis.  Retinal  and  conjunctival  hemorrhages  ac- 
companied fever,  headache,  pains  in  the  limbs,  and  a petechial 
eruption  of  the  skin  and  mucous  membranes  following  unusual  ex- 
ertion. Death  occurred  four  days  later.  In  addition  to  the  small 
hemorrhages  seen  during  life,  a large  one  covered  the  macula. 

Rogers,  studying  of  the  significance  of  retinal  hemorrhages  based 
on  187  cases,  classifies  his  cases  as  (1)  retinal  apoplexy;  (2)  simple 
retinitis,  secondary  to  the  former;  (3)  hemorrhagic  retinitis,  with 
secondary  hemorrhages;  (4)  albuminuric  retinitis;  (5)  diabetic  re- 
tinitis, and  (6)  chorioretinitis.  The  prognosis  was  worst  in  albu- 
minuric retinitis,  75  of  the  101  patients  having  died.  Next  came 
hemorrhagic  retinitis  and  diabetic  retinitis,  55  and  50  per  cent.,  re- 
spectively; 48.5  per  cent,  died  in  the  first  three  years,  and  40.9  per 
cent,  were  living  at  the  end  of  ten  years. 

Edward  Davis  (Trans.  Am.  Ophthal.  Soc.^  Vol.  xiii,  pt.  1,  1913) 
gives  a full  account  of  a patient  (man,  aet.  32)  suffering  from  recur- 
rent retinal  hemorrhage.  This  paper  is  reviewed  by  Beaton  Hird 
(Oph.  Review,  p.  306,  Oct.,  1913).  The  author  concludes  that  (1) 
the  decided  diagnostic  reaction  of  the  old  tuberculin  in  very  small 
doses  and  positive  therapeutic  reaction  of  the  new  tuberculin  sig- 
nify beyond  question  that  tuberculosis  was  an  etiological  factor. 

(2)  The  history  of  repeated  attacks  of  indigestion  before  and 
during  the  attack,  the  presence  of  excess  of  indican  in  the  urine  at 
the  very  onset  of  his  hemorrhages,  and  the  acute  desquamative  in- 
volvement of  the  kidneys  in  the  early  part  of  his  present  trouble, 
make  it  equally  certain  that  auto-intoxication  was  a factor  in  the 
etiology. 

(3)  Worry  and  anxiety  over  his  studies  at  college  may  have  played 
a minor  role  as  a cause. 

(4)  Syphilis  may  be  excluded. 

(5)  Human  serum  was  injected  to  prevent  the  recurrence  of  the 
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retinal  hemorrliages  but  had  little  or  no  influence  in  checking  them. 
Possibly  not  enough  was  used,  so  the  test  cannot  be  regarded  as 
flnal. 

(6)  Neither  absolute  rest  in  bed,  nor  moderate  exercise  appeared 
to  bear  any  relation  to  the  frequency  of  recurrence  of  hemorrhages 
into  the  retina  in  this  case. 

(7)  Peri-vasculitis  was  a most  pronounced  feature  of  this  case 
together  with  the  retinitis  proliferans,  showing  a diseased  condition 
of  the  retinal  vessels,  more  marked  in  the  veins. 

(8)  The  hemorrhages  seemed  to  come  from  the  retinal  veins  and 
arteries  and  not  from  the  choroidal  veins. 

(9)  The  patient’s  blood-pressure  and  blood-tests  were  normal 
throughout. 

(10)  All  treatemnt  seemed  of  little  avail  in  checking  the  hem- 
orrhages, though  he  is  inclined  to  give  the  tuberculin  injections,  the 
open-air  treatment,  and  the  general  hygienic  management  of  the 
case  the  chief  credit  in  securing  so  good  a result  thus  far  obtained. 

In  looking  into  the  literature  of  the  subject  he  was  struck  first, 
by  the  rarity  of  such  cases;  second,  by  the  uncertainty  as  to  the 
cause  of  the  trouble;  and,  thirdly,  by  the  variety  of  remedies  and 
procedures  recommended  for  the  cure  of  the  disease — a sure  sign 
that  there  is  no  effective  remedy. 

The  reviewer  had  a case  under  his  care  for  the  past  five  years 
which  agreed  in  almost  all  essentials  with  this  one  recorded  by 
Davis. 

Davis  gives  the  following  summary  of  the  etiology  suggested  by 
the  authorities  whose  names  are  appended.  Tuberculosis  (Axen- 
field)  ; auto-intoxication;  syphilis;  inequalities  of  the  blood-pres- 
sure, either  too  high  or  too  low  (Hutchinson,  Krauss)  ; decreased 
coagulability  of  the  blood;  increased  coagulability  of  the  blood  (Col- 
lins and  Mayou)  ; malignant  endocarditis  (Grirnsdale)  ; hemophilia 
(Noll)  ; sub-oxidation  (Ziegler)  ; naso-pharynx  and  accessory  sinus 
disease  (de  Schweinitz)  ; constipation  (Bales)  ; malarial  fever 
(Kries)  ; vicarious  menstruation  in  females;  establishment  of  the  sex- 
ual function  in  the  male. 

As  to  the  various  remedies  and  procedures  mentioned  for  the  cure 
and  prevention  of  this  disease  he  appends  a partial  list:  nitro-glyc- 
erin;  ergot;  calcium  lactate;  adrenalin  chloride;  gallic  acid  and  nu- 
merous other  hemostatics;  iodine  in  its  various  forms;  mercury  in 
its  various  forms;  dionin;  thyroid  extract  (Ziegler);  thyroidin ; 
fiibro-lysin ; sajodin;  substituting  isotonic  saline  solution  0.85  per 
cent,  for  the  disea.sed  vitreous,  about  5 c.c.  Elschnig  has  reported  one 
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case  of  vitreous  hemorrhage  treated  in  this  way  where  all  other 
treatment  had  failed  to  give  relief,  and  the  result  was  highly  grati- 
fying, improving  vision  from  just  perceiving  movements  of  the  hand 
to  .8  normal! 

Galvanic  electricity,  the  negative  pole  over  the  lids  and  positive 
pole  to  the  nape  of  the  neck,  has  been  highly  recommended  (Black, 
Coleman). 

Ligature  of  the  common  carotid  artery  has  been  recommended  and 
succeeded  in  stopping  hemorrhage  into  the  vitreous  (Mayweg). 

The  complications  in  this  condition  are  retinitis  proliferans;  sec- 
ondary gluacoma;  softening  of  the  eye-ball  with  atrophic  changes. 

So  little  can  be  done  for  these  cases  that  we  must  be  profoundly 
thankful  that  the  disease  is  very  rare. 

Retina,  Arteriosclerosis  of  the.  See  Retina,  Angiosclerosis  of  the. 

Retina,  Asthenopia  of  the.  See  Retinal  asthenopia. 

Retina,  Carcinoma  of  the.  This  is  one  of  the  very  rare  intraocular 
neoplasms.  The  best  account  of  it  is  that  furnished  by  U.  Arisawa 
{KUn.  Monatshl.  f.  Augenheilk.,  52,  I,  p.  386,  1914)  especially  in 
the  review  by  Geo.  Coats  {Oph.  Review,  p.  242,  Aug.,  1914).  Ari- 
sawa’s  case  occurred  in  a man  aged  30,  who  suffered  from  a large 
tumor  of  the  abdomen,  probably  a carcinoma  of  the  pancreas.  Four 
months  after  he  first  came  under  observation  he  complained  of  de- 
fective vision  in  the  right  eye,  and  a large  mass  projecting  into  the 
vitreous  was  observed.  Subsequently  the  eye  became  prominent  and 
painful  and  was  excised.  The  patient  died  not  long  afterwards,  but 
no  post-mortem  examination  was  made. 

Microscopically  the  tumor  filled  about  two-thirds  of  the  vitreous, 
and  consisted  of  a main  mass  with  two  smaller  prominent  nodules. 
Histologically  it  was  a typical  epithelial  carcinoma,  showing  a tubu- 
lar and  alveolar  strcture.  The  tubules  were  lined  with  a single  or 
stratified  layer  of  cubical  and  cylindrical  cells;  the  stroma  was  loose 
and  contained  vessels  in  moderate  abundance.  Cystic  spaces  were 
present  in  places,  and  small  papillary  prominences  projected  into 
some  of  the  lumina.  There  was  a certain  amount  of  necrosis  and 
imperfect  nuclear  staining.  The  tumor  merged  posteriorly  into  the 
remains  of  the  much  disorganized  retina,  and  invaded  the  nerve  for 
some  distance.  The  choroid  was  quite  free.  The  cornea  showed  in- 
flammatory infiltration,  and  there  were  signs  of  early  panophthal- 
mitis. 

At  first  sight"  it  seems  manifest  that  this  is  a ease  of  metastasis 
from  the  abdominal  carcinoma.  Yet  metastatic  carcinoma  entirely 
confined  to  the  retina  is  a condition  which  has  never  been  described; 
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on  the  contrary,  it  is  almost  characteristic  of  intraocular  metastasis 
to  spare  the  retina,  and  such  cases  of  its  involvement  as  have  been 
reported  have  always  been  by  invasion  from  the  choroid.  Moreover, 
the  histology  of  the  present  tumor  differs  from  that  of  nearly  all  re- 
corded cases  of  intraocular  metastasis.  According  to  Aschoff,  who 
was  consulted  on  the  point,  it  presented  resemblances  to  certain  tu- 
mors of  the  suprarenal,  and  to  some  gi'owths  of  the  choroid  plexuses 
of  the  cerebral  ventricles. 

Is  it  possible  then  that  the  ocular  tumor  may  have  been  primary 
and  the  abdominal  secondary.  Arisawa  gives  no  certain  reply,  al- 
though the  opinion  of  Aschoff  was  rather  in  favor  of  this  supposi- 
tion. He  analyses  what  is  known  concerning  primary  epithelial  in- 
traocular tumors — the  simple  hyperplasias  of  the  ciliary  epithelium, 
the  more  malignant  infiltrating  tumors  for  which  Fuchs  has  sug- 
gested the  name  “Diktyoma,”  the  apparently  carcinomatous  growths 
derived  from  the  epithelium  of  the  ciliary  body,  tumors  originating 
in  the  pigment  epithelium  of  the  iris,  and  a peculiar  case  described 
by  Fuchs  in  which  proliferations  of  the  epithelium  such  as  are  not 
uncommon  in  inflammatory  membranes  seemed  to  have  taken  on  an 
unlimited  infiltrating  growth.  From  all  these,  however,  the  present 
case  differed  considerably,  and  from  the  last,  which  has  the  most 
tubular  structure,  it  was  distinguished  by  its  situation  not  in  the 
epithelium,  but  in  the  retina  itself,  by  its  orign  in  a previously  nor- 
mal eye,  whereas  in  the  case  of  Fuchs  there  had  been  severe  inflam- 
mation ; and  by  the  presence  of  a tumor  elsewhere  in  the  body. 

On  the  whole  Arisawa  appears  to  incline  to  the  “ primary as  op- 
posed to  the  “metastatic”  origin  of  the  tumor.  One  type  of  primary 
malignant  tumor  of  the  retina  proper  is  already  known — glioma;  to 
postulate  another  would  require  stronger  evidence  than  can  be  de- 
rived from  a case  in  which  a large  abdominal  tumor,  not  histolog- 
ically examined,  was  present,  in  which,  moreover,  according  to  the 
case-history,  the  abdominal  tumor  was  present  before  there  were 
any  ocular  symptoms.  The  author  erroneously  states  that  only  one 
case  of  metastatic  sarcoma  of  the  retina  has  been  described;  in  ad- 
dition to  the  case  of  Heine  quoted  by  him,  an  instance  has  been  re- 
ported by  Ballantyne  (Trans.  Ophth.  Soc.,  XXVI,  1906,  p.  Ill),  in 
whose  paper  also  further  references  will  be  found. 

Retina,  Coarctate.  A funnel-shaped  detachment  of  the  retina  caused 
by  a fluid  exudation  between  the  retina  and  the  choroid. 

Retina,  Coloboma  of  the.  See  pp.  2344,  and  2895,  Vol.  TV  of  this 
Encyclopedia. 
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Retina,  Concussion  of  the.  Commotio  retin.e,  Berlin’s  edema. 

Traumatic  retinitis.  See  p.  2517,  Vol.  IV  of  this  Encyclopedia. 

Retina^  Cones  of  the.  See  Retinal  cones. 

Retina,  Congenital  anomalies  of.  See  p.  2895,  Vol.  IV  of  this 
Encyclopedia. 

Retina,  Cyanosis  of  the.  See  p.  3607,  Vol.  V of  this  Encyclopedia. 

The  Ophthalmic  Year-Book  for  1916  (p.  204)  notes  two  addi- 
tional cases. 

Weidler’s  patient,  a girl  of  9 years,  was  a “blue  baby”  at  birth; 
had  purple  lips,  tongue,  mucous  membranes  and  nails;  hands  and 
feet  cold.  Was  unable  to  play  or  endure  a slight  amount  of  exer- 
tion without  undue  fatigue  and  exhaustion.  Veins  and  arteries  of 
the  eye-ground  were  tremendously  enlarged  and  tortuous.  The  ret- 
ina gave  a bluish-red  reflex.  Lamb’s  patient,  a girl  of  13  years,  had 
the  conjunctiva  congested  and  purplish.  Arteries  and  veins  of  the 
retina  were  tortuous  and  dilated  with  no  pulsation.  Normal  vision. 
Color  of  retinal  arteries  differed  front  the  veins.  No  connection, 
therefore,  as  pointed  out  by  Nagel,  existed  between  the  two  sides  of 
the  heart.  The  probable  diagnosis  in  the  case  was  pulmonary  stenosis 
and  patent  ductus  arteriosus. 

Retina,  Cyst  of  the.  This  is  a very  rare  tumor.  F.  Deutschmann 
(Beitrdge  zur  Angenheilk.,  April,  1914)  records  a case  in  which  the 
presence  of  a large  globular  retinal  detachment  in  the  left  eye  led 
several  experienced  oculists  to  diagnose  intraocular  tumor,  in  conse- 
quence of  which  the  eye  was  enucleated.  When  the  ej^eball  was  dis- 
sected, no  trace  of  tumor  could  be  found,  nor  could  anything  be  seen 
with  the  naked  eye  to  explain  the  ophthalmoscopic  picture.  This 
was  made  clear  only  by  the  subsequent  behavior  of  the  right  eye, 
which  very  soon  presented  a similar  tumor-like  mass.  This  disap- 
peared completely,  and  periodical  examinations  detected  the  appear- 
ance and  disappearance  of  retinal  cysts  of  varying  size  and  number, 
chiefly  situated  in  the  region  of  the  ciliary  body.  Retinal  cysts  were 
last  seen  in  October,  1913,  and  more  recently  the  fundus  presented 
for  a time  a macular  hemorrhage  with  central  scotoma,  and  some 
delicate  yellowish  spots  and  lines,  with  a few  pigment  spots.  Gen- 
eral investigation  of  the  patient  found  signs  of  a pronounced  emphy- 
sema and  polycythemia.  IMicroscopic  examination  of  the  enucleated 
eye  resulted  in  the  discovery  of  a cystic  degeneration  of  the  periph- 
ery of  the  retina.  The  cysts  were  situated  in  the  internuclear  layer. 

The  author  attributes  the  formation  of  the  cysts  to  an  abnormal 
permeability  of  the  retinal  vessels  related  to  the  emphysema  and  the 
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accompanying  venous  stasis  and  cardiac  embarrassment.  The  pos- 
sibility of  an  angioneurotic  basis  is  also  suggested. 

Velhagen  {Klin.  Moncitshl.  /.  A-Uffciiheilh.,  Dec.,  1912)  also  le- 
ports  a case  which  was  visible  with  the  ophthalmoscope.  A second 
case  showed  cysts  which  Avere  not  visible  ophthalmoscopically.  Both 
eyes  had  become  glaucomatous  before  enucleation.  Since  glaucoma 
impedes  resorption,  the  author  considers  this  of  importance  in  the 
etiology. 

In  Derby’s  {Oph.  Year-Book,  p.  369,  1912)  case  of  bilateral  retinal 
detachment  the  right  eye  showed  a rounded  swelling  at  the  temporal 
side  of  the  disc,  which  it  overhung.  It  protruded  6 D.  into  the 
vitreous,  and  was  distinct  from  the  surrounding  retinal  detachment. 
A similar  swelling  was  seen  in  the  outer  part  of  the  fundus.  The 
two  examples  of  retinal  cyst  studied  by  Cavara  were  also  associated 
with  retinal  separation,  but  were  only  discovered  after  enucleation. 
They  occurred  in  the  external  granular  layer  of  the  detached  retina, 
and  this  layer  formed  their  outer  and  a part  of  their  inner  wall. 

Natanson  (Graefe’s  ArcMv  f.  OphtJml,  67,  2,  1907)  gives  an  ac- 
count of  two  cases  of  microphthalmos  ivith  cyst  formation.  His  pa- 
per is  reviewed  by  Henderson  in  the  Oph.  Review,  May,  1907. 

In  the'  first  case  the  development  of  the  eye  was  very  rudimen- 
tary, only  the  pigment  membrane  part  of  the  primitive  ectodermal 
layer  being  present.  The  lens  was  partly  formed  in  the  tissue  of 
the  uninvaginated  distal  layer.  Two  cysts  were  present,  in  the  smaller 
of  which  the  optic  nerve  ended.  The  retina  was  present  in  the  cysts 
with  the  outer  layers  facing  the  cavity,  “retina  perversa.”  The  in- 
tra-cranial  parts  of  the  optic  nerve,  chiasma,  tracts  and  lateral  genic- 
ulate bodies  were  atrophic. 

In  the  second  case  the  eyes  were  much  more  developed.  The  lens 
lay  in  the  vitreous,  but  was  only  partly  formed.  Two  cysts  were  pres- 
ent, the  smaller  of  which  was  solid,  and  in  this  the  optic  nerve 
ended.  In  both  cysts  “retina  perversa”  was  present.  A large  cleft, 
in  the  position  of  the  primitive  cleft,  was  present  in  the  eye,  and  com- 
municated with  both  cysts.  In  the  neighborhood  of  the  cleft  there 
was  on  the  left  side  some  inflammatory  change. 

The  author  collected  74  more  recorded  cases,  and  is  of  the  opin- 
ion that  all  the  cases  fall  into  two  groups. 

Group  1 includes  tho.se  cases  in  which  a microphthalmic  eye^  is 
present,  fairly  well  developed,  with  a cleft  through  which  the  retina 
passes  to  line  the  cyst  or  cy.sts.  There  is  never  any  communication 
between  the  cavity  of  the  vitreous  and  that  of  the  cyst.  The  optic 
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nerve  is  feebly  developed,  and  may  terminate  in  the  bulb  above  the 
cyst  neck  or  in  the  cyst  neck  itself. 

Group  2 includes  those  cases  in  which  the  eye  is  either  absent  or 
in  a very  rudimentary  state  of  development.  If  present  it  contains 
neither  lens,  vitreous  nor  retina,  and  remains  in  communication 
with  the  back  part  of  the  cyst. 

In  regard  to  the  pathogenesis  of  gi’oup  2,  the  author  agrees  with 
Mitvalsky  in  believing  the  cause  to  lie  in  arrested  development  of  the 
primary  optic  vesicle.  The  distal  layer  undergoes  no  invagination, 
but  proceeds  to  differentiate,  thus  forming  the  perverse  arrange- 
ment of  the  retina.  The  proximal  layer  develops  into  pigment  epi- 
thelium, and  is  surrounded  by  the  more  or  less  developed  mesoder- 
mal structures. 

While  admitting  that  Mitvalsky ’s  hypothesis  of  a partial  invagi- 
nation may  explain  some  of  the  cases  in  group  1,  Natanson  believes 
that  these  cases  originate  in  the  stage  of  the  secondary  optic  vesicle, 
and  are  connected  with  the  incomplete  closure  of  the  fetal  optic 
cleft.  That  they  have  any  connection  with  the  ectasis  of  a coloboma 
is  negatived  by  the  perverse  arrangement  of  the  retina,  and  by  the 
fact  that  the  cyst  communicates  not  with  the  vitreous  cavity  but 
with  the  space  between  the  pigment  membrane  and  retina. 


